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890.7% identity in 2556 residues overiap; Score: 13215.0; Gap frequency: 1.0%

Human 1 MPPLLAPLLCLALLPALAARGPRCSQPCETCLNGGXCEAANGTEACVCGGAFVGPRIQD?
Mouse 1 MPRLLTPLLCLTLLPALAARGLRCSQPSGTCLNGGRCEVASGTEACVCSGAFVGORCQDS

* **xx***** dkk kR Ahhhdd Fdh Kk KARIAEE KRAAEX Ahrd

Signal ?ep ide V EGF’E
Human 1 NPCLSTPCRNAGTCHVVDRRGVADYACSCALGFSGPLCLTPLONACLTNPCRNGGTCDLL
Mouse 61 NPCLSTPCKNAGTCHVVDHGGTVDYACSCPLGFSGPLCLTPLDNACLANPCRNGGTCDLL
*******xx********* * KXERAL AERAAXRIXXNA AR R RRA dvvrvdrdhhhihi*
EGF2 EGF3
Human 121 TLTEYRCRCEPGWSGRSCQOADPCASNPCANGGOCLPFEASYICHCPPSFHGPTCRODVN
Mouse 121 TLTEYRCRCPPGWSGESCQOADPCASNPCANGGOCLPFESSYICRCPPGFHGPTCRODVN

*xx***********xx**********x***********x dhkAhEh KhFd KRRk AAIARREAS

Human 181 ECGQXPGLCREGGTCHNEVGSYRCVCRATHTGPNCERPYVPCSPSPCONGGTCRPTGDVT
Mouse 181 ECSQNPGLCRHGGTCHNEIGSYRCACRATHTGPHCELPYVPCSPSPCONGGTCRPTGDTT

** FOEERREARERAIREAYE RRKFER AR EEEER KR *******x*********#*xrr*

EGF5 EGF§ "
Human 241 HECACLPGFTGONCEENIDDCPGNNCENGGACVDGVNTYNCRCPPEWTGQYCTEDVDECO
Mouse 241 HECACLPGFAGONCEENVDDCPGNNCKNGGACVDGVNTYNCRCPPEWTGQYCTEDVDECQ

*x******* ****xx* ******************************************

EGE7 EGFS

Human 301 LMPNACQNGGTCHNTHGGYNCVCVNGWTGEDCSENIDDCASAACFHGATCHDRVASFYCE
Mouse 301 LMPNACONGGTCHNTHGGYNCVCVNGWIGEDCSENIDDCASARACFQGATCHDRVASFYCE
kK Kk K KKK Kk KR KR A KAk kKK KK A E T KKK Kk

EGF9

Human 361 CPHGRTGLLCHLNDACISNPCNEGSNCDTNPVNGKAICTCPSGYTGPACSQDVDECSLGR
Mouse 361 CPHGRTGLLCHLNDACISNPCNEGSNCDINPVNGKAICTCPSGYTGPACSQDVDECALGA

kr**********ker********kk***********k*r*********k****** * k%

EGF10 ' ' " EGF1

Human 421 NPCEHAGKCINTLGSFECQCLOGYTGPRCEIDVNECVSNPCONDATCLDQIGEFQCLCMP
Mouse 421 NPCEHAGKCLNTLGSFECQCLOGYTGPRCEIDVNECISNPCONDATCLDOIGEFQCICHMP

ER R R R R R R R R R R O R R S R R R R R R S

EGF12

Human 481 GYEGVHCEVNTDECASSPCLHNGRCLDKINEFQCECPTGFTGHLCQYDVDECASTPCKNG
Mouse 481 GYEGVYCEINTDECASSPCLHNGHCMDKINEFQCQCPKGFNGHLCOYDVDECASTPUKNG

* *****w******** kO hkkxhkhkkk kk k¥ ******** &k ok ok Kk hk
g [ i
EGF13 EGF14

Human 541 ARCLDGPNTYTCVCTEGYTGTHCEVDIDECDPDPCHYGSCKDGVATFTCLCRPGYTGHEC
Mouse 541 AKCLDGPNTYTCVCTEGYTGTHCEVRIDECDPDPCHYGSCKDGVATFTCLCOPGYTGHEC

*************************************************** KIXIERERA

Human 601 ETNINECSSOPCRHGGTCODRDNAYLCFCLRGTITGPNCEINLDDCASSPCDSGTICLDKID
Mouse 601 EMNINHCHSQDCRHGGTCQDRDhSYLCACLKGTTGPNCE NLDDCASNPCDSGTCLDKID

********* KhRhkkkd kA xkx

FIG. 1A
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Human 661 GYECACEPGYTGSMCNINIDECAGNPCHENGGTCEDGINGFTCRCPEGYHDPTCLSEVNEC
Mouse 661 GYECACEPGYTGSMCNVNIDECAGSPCENGGTCEDGIAGFTCRCPEGYHDPTCLSEVNEC

kAARRk I X hhhhhkkk ** kkE*K x********‘k‘k* ******‘k*‘k**x'*******‘k‘k
= | m—

EGF18 ' EGF19

Human 721 NSNPCVHGACRDSLNGYECDCDPGWSGTNCDINNNECESNPCVNGGTCRKDMTSGYVCTCR
Mouse 721 NSNPCIHGACRDGLNGYKCDCAPGWSGTNCDINNNECESNPCVNGGTCEKDMTSGYVCTCR

KAEEE KREAAAY HAAERRRE AAARAA A LA RARRINXINAN A AR AR AR XS AN A L ARk dk

EGF2

Human 781 EGFSGPNCOTININECASNPCLNQGTCIDDVAGYRCNCLLPYTGATCEVVLAPCAPSPCRN
Mouse 7681 EGFSGPNCQTNINECASNPCLNQOGICIDDVAGYXKCNCPLPYTGATCEVVLAPCATSPCKN

7r*****"k*"k"k‘k‘k7r7r******"k‘k**xx********‘k** ***********x**** E

EGFZ‘E EGF22

Human 841 GGECROSEDYESFSCVCPTGWOGQOTCEVDINECVLSPCRHGASCONTHGGYRCHCOAGYS
Mouse 841 SGVCKESEDYESFSCVCPTGWOGOTCEVDINECVKSPCRHGASCONTNGSYRCLCOAGYT

* Ok rr*********er*********kkr** hhhrhdhhhkikitk Kk Kdk hhkhkihk

Human 901 GENCETDIDDCRPNPCHNGGSCTDGINTAFCDCLPGFRGTFCEEDINECASDPCRNGANC
Mouse 501 GRNCESDIDDCRPNPCHNGGSCTDGI RTAFCD LPGFQGAFCEEDINECASNPCONGANC

*kk kX *****kwr** * ****‘k**k}fx‘r kk kkkEX

Human 561 TDCVDSYTCTCPAGFSGIHCENNTPDCTESSCFNGGICVDGINSFTCLCPPGFTGSYCOH
Mouse 961 TDCVDSYTCTCPVGFNGIHCENNTPDCTESSCENGGTCVDGINSFTCLCPPGRTGSYCQY

Xk FEE kLA ER k¥ 7"k’t:r'k********kkr*********kkr*********')‘k‘k‘r**
Y DO R T K TR i A1 A IR SRS VST SRTTIS, A ARV AR

EGF28

Human 1021 DVNECDSQPCLHGGTCODGCGSYRCTICPQGYTGPNCONLVHWCDSSPCENGGKCWOTHTO
Mouse 1021 DVNECDSRPCLHGGTCODSYGTYRCTCPQGYTGLNCONLVRWCDSAPCKNGERCWOTNTO
FAIKXKK KFKFHRKIRK k F KEKRAKKKK KFHKAE KNIk FAKERX KKK K%

EGF27 EGF28

Human 1081 YRCECPSGWTGLYCDVPSVSCEVAAQROGVDVARLCQHGGLCVDAGNTHHCRCQAGYTGS
Mouse 1081 YHCECRSGWTGVNCDVLSVSCEVAAQKRGIDVTLLCOHGGLCVDEGDKHYCHCQAGYTGS

EE 'A"A"k'k’k k% hEhhkdbhkrk * k¥ B S * Ok kkhhkdhkkk

EGF29

Human 1141 YCEDLVDECSPSPCONGATCTDYLGGYSCRCVAGYHGVNCSEEIDECLSHPCQONGGTCL
Mouse 1141 YCEDEVDECSPNPCONGATCTDYLGGFSCRKCVAGYHGSNCSEET NECLQQPCQNGC””ID

* kg ok ‘k***** ************** *’k‘k‘k****'}"}‘ ***‘k'k* KK kE RhkvhXAkh ¥

Human 1201 LPNTYKCSCPRGTQGVHCEINVDDCNPPVDPVSREPRKCFNNGTCVDQVGGYSCTCPRPGFRV
Mouse 1201 LTNSYKCSCPRGTQGVHCEINVDDCHPPLDPASRSPRKCFNNGTCVDRQVGGYTCTCPPEFV

* K *******************‘k* ** ko ***‘k*****'}"}‘***’k‘k‘k** **'}"ﬁ"@t‘*’k*

Human 1261 GERCEGDVNECLSNPCDARGTQONCVQORVNDFHCECRAGHTGRRCESVINGCKGKPCKNGG
Mouse 1261 GERCEGDVNECLSNPCDPRGTONCVQRVNDFHCECRAGHTGRRCESVINGCRGKPCKNGG

******xx********* xx****3“3“*****x***********x******* *k*k*kxx***

" EGF33 EGF34
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Human 1321 TCAVASNTARGFICKCPAGFEGATCENDARTCGSLRCLNGGTCISGERSPTCLCLGPETG
Mouse 1321 VCAVASNTARGFICRCPAGFEGATCENDARTCGSLRCLNGGTCISGPRSPTCLCLGSETG

KRXARKXKR AL R RX R ******+****xw*****f*****xx******?*****xx* x k%
£ A RN T e S D37

EGF35
Human 1381 PECQFPASSPCLGGN?CYNQGTCEPTSESPFYRCLCPAKFNGLLCHILDYSFGGGAGRDI
Mouse 1381 PECQOFPASSPCVGSNPCYNQGTCEPTSENPFYRCLCPARFNGLLCHILDYSFTGGAGRDL

?*****xr*** * *****kx******* ****xx***********xx**** Khkkkkkk

Human 1441 PPPLIEEACELPECQEDAGNKVCSLOCNNHACGWDGGRCSLNFNDPWKNCTOSLOCWKYF
Mouse 1441 PPPQIEEACELPECOVDAGNKVCNLQCHNNHACGWDGCGDCSLNFNDPWKNCTQSLOCWRYF

*x Kk *********xx LR **xx*****%******x******?*****xr*****

LNR _A

Human 1501 SDGHCDSQCNSAGCLFDGFDCQRAEGQUNPLYDQYCKDHFSDGHCDQGCNSAECEWDGLD
Mouse 1501 SDCHCDSQCNSAGCLFDGFDCOLTEGOCNPLYDQYCKDHFSDGHCDQGCNSAECEWDGLD

******xr************x* ************************************

TLNR C

Human 1561 CAEHVPERLAAGTLVVVVLMPPEQLRNSSFHFLRELSRVLHTNVVFKRDAHGOQMIFPYY
Mouse 1561 CAEHVPERLAAGTILVLVVLLPPDOLRNNSFHFLRELSEVLHTNVVFKRDAQGQQMIFPYY

xr***********xr *** * ok ***r ********* E **** ****

Human 1621 GREEELRKHPIKRAAEGWAAPDALLGQVEKASLLPGGSEGGRRRRELDPMDVRGSIVYLET

Mouse 1621 GHEEELRRKHPIKRSTVGWAT-----—m—m SOLLPGTS-CGGRORRELDPMDIRGSIVYLEL
k ok okok ok kokkk X% *k ok FAkKK K KKk K KKFEAK KX KAEAS KK
o W sopseprsmegson . oce . "

Human 1681 DNRQCVQASSQOCFOSATDVAAFLGALASLGSLNIPYRIEAVQSETVEPPPPAQLHEFMYVA
Mouse 1671 DNRQCVQSSSOCFQSATDVAAFLGALASLGSLNIPYKIEAVKSEPVEPPLPSQLHLMYVA

******* AEAKRKKAXEE TRk h b h XX XX dhhdhkkhdkx xx Hhddd % ***”***?

sz?

Human 1741 AAAFVLLFFVGCGVLLSRKRRRQHGOLWFPEGFKVSEASKKKRREPLGEDSVGLEPLKNA
Mouse 1731 AAAFVLLFFVGCGVLLSRKRREQHEGQLWFPEGFKVSEASKKKRREPLGEDSVGLKPLKNA
L

LR R R R S R R R A TR TR R TR LR R
S T

Human 1801 SDGALMDDNQNEWGDEDLETKKFRFEEPVVLPDLDDOTDHROWTQQHLDAADLRMSAMAP
Mouse 1791 SDGALMDDNQNEWGDEDLETKRFRYEEPVVLPDLSDQTOHROWTQQOHLDAADLRMEAMAP

LR A S RS LR LA EE SR TR EEEEEEEEEE IR SRR EEEE L LR TR EE A

Human 1861 TPPQGEVDADCMDVNVRGPDGFTPLMIASCSGGCLETGNSEEEEDAPAVISDFIYQGASL
Mouse 1851 TPPQGEVDADCMDVNVRGPDGFTPLMIASCSGGGLETGNSEEEEDAPAVISDFIYQGASL

LRSS S S S PP RS EEEEEESEEE R ELEREEEREEEE SRS EEEEEEEEEEE R T EEE

Human 1921 HNQTDRTGETALHLAARYSRSDAAKRLLEASADANIQDNMGRTPLHAAVSADAQGVFQIL
Mouse 1911 HNQTDRTGETALHLAARYSRSDAAKRLLEASADANIQDNMGRTPLHAAVSADAQGVFQIL

LR SR EEE RS S SRS EE R LSRR RS SRS SRR LR TR RS SRR

FIG. 1C
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Human 1981 IRNRATDLDARMHDGTTPLILAARLAVEGMLEDLINSHADVNAVDDLGKSALHWAAAVNN
Mouse 1971 LRNRATDLDARMHDGTTPLILAARLAVEGMLEDLINSHADVNAVDDLGKSALHWAAAVNN

ARAAR AR A AT R RAREARARN S A AR AT AAANRA AL AR A A AR AN A A A h A AR A d o tdhd

Human 2041 VDAAVVLLEKNGANKDMONNREETPLFLAAREGSYETAKVLLDHFANRDITDHMDRLIPRDI

Mouse 2031 VDAAVVLLEKNGANKDMONNKEETPLFLAAREGSYETAKVLLDHFANRDITDHMDRLPRDI
KEEEERTRRERREREEHRT AR AR AR R R AR AR NN AR RRARAR AR RN A A H AT R AR

Human 2101 AQERMHHDIVRLLDEYNLVRSPQLHGAPLGGTPTLSPPLCSPNGYLGSLRKPGVOGKRVRK
Mouse 2091 AQERMHHDIVRLLDEYNLVESPOLHGTALGGTPTLSPTLCSPNGYLGNLKSATOCGKKARK

KARAXERRA A XA A RAREA v ddhhs% ARA A AL hAE ARAARAAAE kR AEhRR hk

Human 2161 PSSKGLACGSKEAKDLXKARRRKSODGKGCLLDSSGMLSPVDSLESPHGYLSDVASPPLLP
Mouse 2151 PSTKGLACGSKEAKDLKARREKSODGKGCLLDSSSMLSPVDSLESPHGYLSDVASPPLLP

ER A R R Rk R e R R b R R R S Ak R R R R e i

Human 2221 SPFQOQSPSVPLNHLPGMPDTHLGIGHLNVAAKPEMAALGGGGRLAFETGPFRLSHLPVAS
Mouse 2211 SPFQQSPSMPLSHLPGMPDTHLGISHLNVAAKPEMAALAGGSRLAFEPPPPRLSHLPVAS

KRAKREIEREY h% RARAANAN A AAR FRRIRIXAAARA % %% dvhdsk R i i

Human 2281 GTSTVLGSSSGGALNFTVGGSTSLNGOCEWLSRLOSGMVPNQYNPLRGSVAPGPLSTOAP
Mouse 2271 SASTVLSTNGTGAMNFTVGAPASLNGOCEWLPRLONGMVPSQYNPLRPGVIPGTLSTOAA

kiR *h hhhkh* AR A AL A AE ARE AhAh KhkErRK * Kk KEkErRk

Human 2341 SLOEGMVGPLHSSLAASALSOMMSYQGLPSTRLATQPHLVOTOOVOPONLOMOQONLOPA
Mouse 2331 GLOHSMMGPLHSSLSTNTLSPII-YQGLPNTRLATQPHLVQTQOOVOPONLOLOPONLOP-

kEkkh Ok wAEHERXK *x KEERAE AXAAARRARARN AN A hhhhd % dddds

Human 2401 NIQQQOSLOPPPPPPOPHLGVSSAASGHLGRSFLSGEPSQOADVOPLGPSSLAVHTILPOE
Mouse 2389 e PSOPHLSVSSAANGHLGRSFLSGEPSQADVOPLGPSSLPVHTILPOE

¥ hkhkk Rhkkhkh khkhhhAkARAAKRKAXI IR hkAA Ak Ak Ak EEhhkkhkk

Human 2461 SPALPTSLESSLVPPVTAAQFLTPPSQHSYSS~FVDNTPSHQLOVPEHPFLTPSPESPDO
Mouse 2436 SQALPTSLPSSMVPPMTTTOFLTPPSQOHSYSSSPVDNTPSHOLOVPEHPFLTPSPESPDQ

k hkkhkkkhhkt kkhkk %k Khkhhhhrhkhkhkk khdhhkAAhhhhdrdhhhhrhhhddihdd

Human 2520 WSSSSPHSNVSDWSEGVSSPPTSMQSOIARIPEAFK
Mouse 2496 WSSSSPHSNISDWSEGISSPPTTMPSQITHIPEAFK

hkkhhhhhkhk khhhtd hkhik k k%% kkkkk*k
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Amino Acid Sequence of Human Noich 3 {(NP_000426)
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METHODS OF TREATING CANCER USING
NOTCH1 AND NOTCH3 ANTAGONISTS

RELATED APPLICATIONS

This application claims the benefit under 35 USC 119(e) of
provisional application No. 61/247,298 filed Sep. 30, 2009,
the contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to methods of treating cancer
in general, and leukemia in particular, using Notchl and
Notch3 antagonists singly or in combination. Compositions
and methods for the treatment and diagnosis of Notch-asso-
ciated cancers are also provided.

SEQUENCE LISTING

The present application contains a Sequence Listing which
has been submitted in ASCII format via EFS-Web and is
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Sep. 3, 2010, is named P4371.txt and is
65,600 bytes in size.

BACKGROUND

The Notch receptor family is a class of evolutionarily con-
served transmembrane receptors that transmit signals affect-
ing development in organisms as diverse as sea urchins and
humans. Notch receptors and their ligands Delta and Serrate
(known as Jagged in mammals) are transmembrane proteins
with large extracellular domains that contain epidermal
growth factor (EGF)-like repeats. The number of Notch para-
logues differs between species. For example, there are four
Notch receptors in mammals (Notchl-Notch4), two in Cae-
norhabditis elegans (LIN-12 and GLP-1) and one in Droso-
phila melanogaster (Notch). Notch receptors are proteolyti-
cally processed during transport to the cell surface by a furin-
like protease at a site S1, which is N-terminal to the
transmembrane domain, producing an extracellular Notch
(ECN) subunit and a Notch transmembrane subunit (NTM).
These two subunits remain non-covalently associated and
constitute the mature heterodimeric cell-surface receptor.

Notchl ECN subunits contain 36 N-terminal EGF-like
repeats followed by three tandemly repeated Lin 12/Notch
Repeat (LNR) modules that precede the S1 site. Notch3 ECN
has a similar structure, but with 34 EGF-like repeats. Each
LNR module contains three disulfide bonds and a group of
conserved acidic and polar residues predicted to coordinate a
calcium ion. Within the EGF repeat region lie binding sites for
the activating ligands. The Notchl and Notch3 NTMs com-
prises an extracellular region (which harbors the S2 cleavage
site), a transmembrane segment (which harbors the S3 cleav-
age site), and a large intracellular region (ICN or ICD) that
includes a RAM domain, ankyrin repeats, a transactivation
domain and a carboxy-terminal PEST domain. Stable asso-
ciation of the ECN and NTM subunits depends upon a het-
erodimerization domain (HD) comprising the carboxy-termi-
nal end of the ECN (termed HD-N) and the extracellular
amino-terminal end of NTM (termed HD-C). Before ligand-
induced activation, Notch is maintained in a resting confor-
mation by a negative regulatory region (NRR), which com-
prises the three LNRs and the HD domain.

Binding of a Notch ligand to the ECN subunit initiates two
successive proteolytic cleavages that occur through regulated
intramembrane proteolysis. The first cleavage by a metallo-
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protease (ADAM17) at site S2 renders the Notch transmem-
brane subunit susceptible to the second cleavage at site S3
close to the inner leaflet of the plasma membrane. Site S3
cleavage, which is catalyzed by a multiprotein complex con-
taining presenilin and nicastrin and promoting y-secretase
activity, liberates the intracellular portion of the Notch trans-
membrane subunit, allowing it to translocate to the nucleus
and activate transcription of target genes. (For review of the
proteolytic cleavage of Notch, see, e.g., Sisodia et al., Nat.
Rev. Neurosci. 3:281-290, 2002.)

Five Notch ligands of the Jagged and Delta-like classes
have been identified in humans (Jaggedl (also termed Ser-
ratel), Jagged2 (also termed Serrate2), Delta-likel (also
termed DLL1), Delta-like3 (also termed DLIL3), and Delta-
like4 (also termed DLL4)). Each of the ligands is a single-
pass transmembrane protein with a conserved N-terminal
Delta, Serrate, LAG-2 (DSL) motif essential for binding
Notch. A series of EGF-like modules C-terminal to the DSL
motif precede the membrane-spanning segment. Unlike the
Notch receptors, the ligands have short cytoplasmic tails of
70-215 amino acids at the C-terminus. In addition, other types
of ligands have been reported (e.g., DNER, NB3, and
F3/Contactin). (For review of Notch ligands and ligand-me-
diated Notch activation, see, e.g., D’Souza et al., Oncogene
27:5148-5167, 2008.)

The Notch pathway functions during diverse developmen-
tal and physiological processes including those affecting neu-
rogenesis in flies and vertebrates. In general, Notch signaling
is involved in lateral inhibition, lineage decisions, and the
establishment of boundaries between groups of cells. (See,
e.g., Bray, Mol. Cell Biol. 7:678-679, 2006.) A variety of
human diseases, including cancers and neurodegenerative
disorders have been shown to result from mutations in genes
encoding Notch receptors or their ligands. (See, e.g., Nam et
al., Curr. Opin. Chem. Biol. 6:501-509, 2002.)

The role of Notchl as an oncoprotein was demonstrated in
leukemia involving T-cell progenitors. This role was first
recognized in human acute lymphoblastic leukemia (T-ALL).
(See, e.g., Aster et al., Annu. Rev. Pathol. Mech. Dis. 3:587-
613, 2008.) T-ALL is an aggressive leukemia that preferen-
tially afflicts children and adolescents. A recurrent t(7;
9)(934; q34.3) chromosomal translocation, which creates a
truncated, constitutively active variant of human Notchl, was
identified in a subset of T-ALLs. In addition to the (7; 9)
translocation, frequent gain-of-function mutations in human
Notchl were later discovered in more than 50% of all human
T-ALLs. (See Weng et al., Science, 306:269-271, 2004.)
Those mutations occur in the extracellular HD domain and
the intracellular PEST domain. Other studies showed that
retroviral-based expression of Notchl ICN in bone marrow
cells caused T-ALL in mouse models that received the trans-
planted bone marrow cells. (See Aster et al., Mol. Cell Biol.
20:7505-7515, 2000.)

Consistent with this role for Notch1 in leukemia involving
T cell progenitors, Notchl signaling has been shown to be
essential for T cell development in mouse models, and
Notchl-mediated signals promote T cell development at the
expense of B cell development. (See, e.g., Wilson et al., J.
Exp. Med. 194:1003-1012, 2001.) Further roles for Notchl in
leukemia have been described. Activating mutations in the
Notchl PEST domain have been reported at low frequency in
human acute myeloid leukemia (AML) and in lineage switch
leukemias, suggesting that activating mutations in Notchl
may occur in a leukemic stem cell that precedes myeloid and
T-lineage commitment. (See Palomero et al., Leukemia
20:1963-1966, 2006.)
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Prior to the discovery of the frequent Notchl gain-of-func-
tion mutations in T-ALL, it was observed that enforced
expression of Notch3 ICN in the thymus caused T-cell leuke-
mia/lymphoma in transgenic mice. (See Bellavia et al,
EMBO J. 19:3337-3348, 2000.) Notch3 mRNA was also
reported as being expressed in all of thirty T-ALL patient
samples analyzed, whereas it was not detected in normal
peripheral blood T lymphocytes and non-T cell leukemias.
(See Bellavia et al., Proc. Nat’'l Acad. Sci. USA 99:3788-
3793, 2002.)

Notchl and Notch3 are also associated with a variety of
other cancers. For instance, in solid tumors, increased Notch1
expression has been observed in human cancers of the cervix,
colon, lung, pancreas, skin, and brain (see, e.g., Leong et al.,
Blood 107:2223-2233, 2006), and elevated expression of
Notchl is correlated with poor outcome in breast cancer (see,
e.g., Parretal., Int. J. Mol. Med. 14:779-786,2004; Reedijk et
al., Cancer Res. 65:8530-8537, 2005). A chromosomal trans-
location (15; 19) has been identified in a subset of non-small
cell lung tumors, and the translocation is thought to elevate
Notch3 transcription. In ovarian cancer, Notch3 gene ampli-
fication was found to occur in ~19% of tumors, and overex-
pression of Notch3 was found in more than half of ovarian
serous carcinomas. Overexpression of activated Notchl and
Notch3 in transgenic mice induces mouse breast tumors, and
overexpression of Notch3 is sufficient to induce choroid
plexus tumor formation in a mouse model, suggesting a role
for Notch3 in the development of certain brain tumors. (For
review of Notch3 in cancer, see Shih et al. Cancer Res.
67:1879-1882, 2007.)

Certain anti-Notchl antagonist antibodies having thera-
peutic efficacy have been described. (See U.S. Patent Appli-
cation Publication No. US 2009/0081238 Al, expressly
incorporated by reference in its entirety herein.) For example,
such antibodies bind to the negative regulatory region (NRR)
of' Notchl, block Notch1 signaling, disrupt angiogenesis and
vascularization, and inhibit tumor growth in mouse xenograft
models of non small cell lung carcinoma and colon adeno-
carcinoma. Certain antibodies described therein bind to
LNR-A and LNR-B (the first and second of the three LIN12/
Notch Repeats) and HD-C of Notchl NRR. Other anti-
Notchl antibodies that bind to the EGF repeat region of
Notchl and block Notchl activity, perhaps by blocking
ligand binding, have also been described. (See International
Publication No. WO 2008/091641.)

Certain anti-Notch3 antagonist antibodies have also been
described. (See U.S. Patent Application Publication No. US
2008/0226621 Al, expressly incorporated by reference in its
entirety herein.) Such antibodies bind to the negative regula-
tory region (NRR) of Notch3 and block Notch3 signaling.
Certain antibodies described therein bind to LNR-A (the first
of the three LIN12/Notch Repeats) and HD-C (referred to
alternatively as the second dimerization domain in US 2008/
0226621 A1) of Notch3 NRR. Other anti-Notch3 antibodies
that bind to the EGF-like repeat region of Notch3 and block
Notch3 activity, perhaps by blocking ligand binding, have
also been described. (See Li et al., J. Biol. Chem. 283:8046-
8054, 2008.)

Gamma-secretase inhibitors (GSIs), which are pan-Notch
inhibitors that inhibit multiple Notch receptors, have been
proposed for treatment of Notch-related diseases, and in fact
have been used in clinical trials for the treatment of T-ALL.
(See Roy et al., Curr: Opin. Genet. Dev. 17:52-59, 2007,
Deangelo et al., J. Clin. Oncol. 2006 ASCO Annual Meeting
Proceedings Part I 24:6586, 2006.) However, GSIs cause
weight loss and intestinal goblet cell metaplasia, reflecting
the role that Notch plays in determining cell fate by maintain-
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ing proliferation of intestinal crypt progenitor cells and pro-
hibiting differentiation to a secretory cell fate. (See van Es et
al., Nature 435:959-963, 2005). Although these side effects of
pan-Notch inhibition may be manageable in a clinical setting,
inhibitors that target individual Notch receptors, and there-
fore minimize or reduce these side effects, may be advanta-
geous.

There is a need in the art for further therapeutic methods of
treating cancer by targeting Notch receptors. The invention
described herein meets the above-described needs and pro-
vides other benefits.

SUMMARY

The present invention relates to the treatment of cancer
using Notch antagonists singly or in combination. The
present invention specifically relates, in part, to the charac-
terization of different classes of T-ALL. One class of T-ALL
is sensitive to treatment with GSI and is also sensitive to
treatment with a Notchl-specific antagonist. In contrast,
another class of T-ALL is sensitive to treatment with GSI, but
insensitive (i.e., resistant) to treatment with a Notch1-specific
antagonist. As shown herein, the latter class of T-ALL is
partially sensitive to treatment with a Notch3-specific antago-
nist, and even more sensitive to a combination of a Notchl-
specific antagonist and a Notch3-specific antagonist. These
results suggest a role for both Notchl and Notch3 in leuke-
mias, particularly T cell progenitor leukemias such as T-ALL.

Inoneaspect, a method of treating a GSI-responsive cancer
that does not respond to a Notchl-specific antagonist is pro-
vided, the method comprising administering to a patient hav-
ing such cancer an effective amount of a Notch3-specific
antagonist. In certain embodiments, the cancer is T-cell leu-
kemia. In certain embodiments, the T-cell leukemia is a lym-
phoblastic leukemia. In certain embodiments, the T-cell leu-
kemia is T-ALL. In certain embodiments, the Notch3-specific
antagonist is an anti-Notch3 antagonist antibody. In certain
embodiments, the anti-Notch3 antagonist antibody is an anti-
Notch3 NRR antibody. In certain embodiments, the anti-
Notch3 NRR antibody binds to the LNR-A and HD-C
domains of Notch3 NRR. In certain embodiments, the anti-
Notch3 NRR antibody comprises the heavy and light chain
variable region CDRs of antibody 256A-4 or 256A-8. In
certain embodiments, the anti-Notch3 NRR antibody is a
humanized form of antibody 256A-4 or 256A-8. In certain
embodiments, the anti-Notch3 antagonist antibody is an anti-
Notch3 antibody that binds to one or more EGF-like repeats
of Notch3.

In a further embodiment, the method further comprises
administering an effective amount of a Notchl-specific
antagonist. In certain embodiments, the Notchl-specific
antagonist that is administered is an anti-Notchl antagonist
antibody. In certain embodiments, the anti-Notch1 antagonist
antibody is an anti-Notch1 NRR antibody. In certain embodi-
ments, the anti-Notchl NRR antibody binds to the LNR-A,
LNR-B, and HD-C domains of Notchl NRR. In certain
embodiments, the anti-Notchl NRR antibody is selected
from Antibody A, A-1, A-2, and A-3. In certain embodiments,
the anti-Notch1 NRR antibody comprises the heavy and light
chain variable region CDRs of an antibody selected from
Antibody A, A-1, A-2, and A-3. In certain embodiments, the
anti-Notch1 antagonist antibody is an anti-Notch1 antibody
that binds to one or more EGF-like repeats of Notchl.

In a further aspect of the invention, an antibody that binds
to activated Notch3 ICD is provided. In certain embodiments,
the antibody binds to the peptide of SEQ ID NO:4. In certain
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embodiments, the antibody is polyclonal. In certain embodi-
ments, the antibody is monoclonal.

In a further aspect of the invention, a method of identifying
a cancer that is suitable for treatment with an antagonist of
Notch3 is provided, the method comprising contacting a
sample of the cancer with the antibody of claim 15, and
determining whether significantly increased levels of acti-
vated Notch3 are present in the sample, wherein the presence
of'significantly increased levels of activated Notch3 indicates
that the cancer is suitable for treatment with an antagonist of
Notch3. In certain embodiments, the cancer is GSI-respon-
sive.

The above and further aspects and embodiments of the
invention are provided herein.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A-1D shows an alignment of human Notchl (SEQ
IDNO:1) and mouse Notchl (SEQ ID NO:2), with motifs and
other features indicated.

FIG. 2 shows the sequence of human Notch3 (SEQ ID
NO:3). The EGF repeat region extends from amino acid resi-
due 43 to 1383; the LNR modules extend from amino acid
residue 1384 to 1503, with LNR-A extending from amino
acid residues 1384-1422; and the dimerization domain
extends from amino acid residue 1504 to 1640, with HD-C
extending from amino acid residues 1572-1640.

FIG.3A-3D shows that the T-ALL cell line, P-12 Ichikawa,
is resistant to both GSI (DAPT) and anti-NRR1 (a-N1).

FIG. 4A-4D shows that the T-ALL cell line, HPB-ALL, is
sensitive to both GSI (DAPT) and anti-NRR1 (a-N1), as
evidenced by the accumulation of cells in GO/G1 and the
reduction of cells in S/G2/M, relative to control cells.

FIG. 5A-5D shows that the T-ALL cell line, TALL-1, is
sensitive to GSI but resistant to anti-NRR1 (a-N1).

FIG. 6 shows that cell size measurements reflect the three
classes of T-ALL identified in FIGS. 3-5.

FIG. 7 shows that staining with Annexin V (marker for
apoptosis) and 7-AAD (marker for cell death) reflects the
three classes of T-ALL identified in FIGS. 3-5.

FIG. 8, left panel, shows that Ki-67 staining (marker for
cell proliferation) reflects the three classes of T-ALL identi-
fied in FIGS. 3-5. Left-shifted peaks indicate lower staining
for Ki-67 and decreased proliferation relative to right-shifted
peaks. FIG. 8, right panel, shows that decreased staining for
Ki-67 (i.e., decreased proliferation) correlates inversely with
the number of Annexin V/7-AAD double negative (i.e., non-
apoptotic) cells.

FIG. 9A-9F shows that the TALL-1 cell line is partially
sensitive to anti-NRR3 (a-N3) and sensitive to treatment with
anti-NRR1 (a-N1) and anti-NRR3.

FIG. 10A-10F shows that the T-ALL cell line, CCRF-
CEM, is resistant to both GSI, anti-NRR1 (a-N1) and anti-
NRR3 (a-N3).

FIG. 11A-11F shows that the HPB-ALL cell line is sensi-
tive to anti-NRR1 (a-N1) but not anti-NRR3 (a-N3).

FIG. 12 shows an immunoblot using an antibody that rec-
ognizes activated Notch3 ICD (a-Notch3 ICD), which
detects activated Notch3 ICD in the nuclear fraction of Jag
1-stimulated MDA-MB-468 cells.

FIG. 13 shows that the TALL-1 cell line expresses high
levels of cleaved, activated Notch3 (lower panel), which can
be blocked by DAPT but not anti-NRR1 (a-N1), whereas the
HPB-ALL cell line expresses high levels of cleaved, activated
Notchl, which can be blocked by DAPT and anti-NRR1
(a-N1).
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6
FIG. 14 shows a graph of the results of the experiments
depicted in FIG. 9A-9F.

DETAILED DESCRIPTION OF EMBODIMENTS
1. Definitions

For purposes of interpreting this specification, the follow-
ing definitions will apply and whenever appropriate, terms
used in the singular will also include the plural and vice versa.
In the event that any definition set forth below conflicts with
any document incorporated herein by reference, the definition
set forth below shall control.

The term “Notch,” as used herein, refers, unless specifi-
cally or contextually indicated otherwise, to any native or
variant (whether native or synthetic) Notch polypeptide
(Notch1-4). The term “native sequence” specifically encom-
passes naturally occurring truncated forms (e.g., an extracel-
Iular domain sequence or a transmembrane subunit
sequence), naturally occurring variant forms (e.g., alterna-
tively spliced forms) and naturally-occurring allelic variants.
The term “wild-type Notch” generally refers to a polypeptide
comprising an amino acid sequence of a naturally occurring,
non-mutated Notch protein. The term “wild-type Notch
sequence” generally refers to an amino acid sequence found
in a naturally occurring, non-mutated Notch.

The term “Notch1,” as used herein, refers, unless specifi-
cally or contextually indicated otherwise, to any native or
variant (whether native or synthetic) Notch1 polypeptide. The
term “native sequence” specifically encompasses naturally
occurring truncated forms (e.g., an extracellular domain
sequence or a transmembrane subunit sequence), naturally
occurring variant forms (e.g., alternatively spliced forms) and
naturally-occurring allelic variants. The term “wild-type
Notchl” generally refers to a polypeptide comprising an
amino acid sequence of a naturally occurring, non-mutated
Notchl protein. The term “wild type Notchl sequence” gen-
erally refers to an amino acid sequence found in a naturally
occurring, non-mutated Notchl.

The term “Notchl ligand,” as used herein, refers, unless
specifically or contextually indicated otherwise, to any native
or variant (whether native or synthetic) Notchl ligand (for
example, Jagged1, Jagged2, Delta-likel, Delta-like3, and/or
Delta-like4) polypeptide. The term “native sequence” specifi-
cally encompasses naturally occurring truncated forms (e.g.,
an extracellular domain sequence or a transmembrane sub-
unit sequence), naturally occurring variant forms (e.g., alter-
natively spliced forms) and naturally-occurring allelic vari-
ants. The term “wild-type Notchl ligand” generally refers to
a polypeptide comprising an amino acid sequence of a natu-
rally occurring, non-mutated Notchl ligand. The term “wild
type Notchl ligand sequence” generally refers to an amino
acid sequence found in a naturally occurring, non-mutated
Notchl ligand.

The term “Notchl NRR,” as used herein, refers, unless
specifically or contextually indicated otherwise, to any native
or variant (whether native or synthetic) polypeptide region of
Notchl consisting of the 3 LNR modules and the amino acid
sequences extending from the carboxy-terminus of the LNR
modules to the transmembrane domain, such sequences
including the HD domain (HD-N and HD-C). Exemplary
Notchl NRRs consist of the region from about amino acid
1446 to about amino acid 1735 of the human Notchl amino
acid sequence (SEQ ID NO:1, FIG. 1), and the region from
about amino acid 1446 to about amino acid 1725 of the mouse
Notchl amino acid sequence (SEQ ID NO:2, FIG. 1). The
term “native sequence Notchl NRR” specifically encom-
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passes naturally occurring truncated forms, naturally occur-
ring variant forms (e.g., alternatively spliced forms) and natu-
rally-occurring allelic variants of a Notchl NRR. The term
“wild-type Notchl NRR” generally refers to a naturally
occurring, non-mutated Notchl NRR. In some embodiments,
aNotchl NRR is contained in a Notchl, such as, for example,
a Notchl processed at the 51, S2 and/or S3 site(s), or an
unprocessed Notchl. In some embodiments, a Notchl NRR
contains two or more non-covalently linked fragments of a
Notchl NRR amino acid sequence, e.g., a fragment contain-
ing amino acids 1446 to 1664 of SEQ ID NO:1 non-co-
valently linked to a fragment containing amino acids 1665 to
1735 of SEQ ID NO:1. In another embodiment, a fragment
containing amino acids 1446 to 1654 of SEQ ID NO:2 is
non-covalently linked to a fragment containing amino acids
1655 to 1725 of SEQ ID NO:2.

The term “increased Notchl signaling,” as used herein,
refers to an increase in Notchl signaling that is significantly
above the level of Notchl signaling observed in a control
under substantially identical conditions. In certain embodi-
ments, the increase in Notchl signaling is at least two fold,
three fold, four fold, five fold, or ten fold above the level
observed in the control.

The term “decreased Notchl signaling,” as used herein,
refers to a decrease in Notchl signaling that is significantly
below the level of Notchl signaling observed in a control
under substantially identical conditions. In certain embodi-
ments, the decrease in Notchl signaling is at least two fold,
three fold, four fold, five fold, or ten fold below the level
observed in the control.

In certain embodiments, Notchl signaling (i.e., increased
or decreased Notchl signaling) is assessed using a suitable
reporter assay, e.g, as described in Example 5 of U.S. Patent
Application Publication No. US 2009/0081238 A1. In certain
embodiments, Notch1 signaling is assessed using an in vitro
activity assay, such as the C2C12 myoblast differentiation
assay or the HUVEC cell sprouting assay, as described in
Examples 5 and 7, respectively, of US 2009/0081238 Al. In
certain embodiments, Notchl signaling is assessed using an
in vivo xenograft model, such as the Calu6 and HM7 models
described in Example 8 of US 2009/0081238 Al.

The terms “Notchl activating mutation” and “mutation
that activates Notch1 signaling” refer to an insertion of one or
more amino acids, a deletion of one or more amino acids, or
a substitution of one or more amino acids relative to a Notchl
wild-type amino acid sequence that results in increased
Notchl signaling as compared with Notchl signaling from
the corresponding Notch1 wild-type amino acid sequence, or
to an insertion of one or more nucleotides, a deletion of one or
more nucleotides, a translocation of one or more nucleotides,
or a substitution of one or more nucleotides relative to a
Notchl wild-type nucleic acid sequence that results in
increased Notchl signaling in a cell containing the mutant
nucleic acid sequence as compared with Notch1 signaling in
a cell containing the corresponding Notchl wild-type nucleic
acid sequence. Notchl signaling from a Notch1 receptor con-
taining an activating mutation may be ligand dependent or
ligand independent.

The term “anti-Notchl antibody” or “an antibody that
binds to Notchl” refers to an antibody that is capable of
binding Notch1 with sufficient affinity such that the antibody
is useful as a diagnostic and/or therapeutic agent in targeting
Notchl. Preferably, the extent of binding of an anti-Notchl
antibody to an unrelated, non-Notch protein is less than about
10% of the binding of the antibody to Notchl as measured,
e.g., by aradioimmunoassay (RIA). In certain embodiments,
an antibody that binds to Notchl has a dissociation constant
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8
(Kd)of =1 uM, <0.5 uM, <100 nM, <50 nM, <10 nM, <5 nM,
=1 nM, =0.5 nM, or <0.1 nM. In certain embodiments, an
anti-Notchl antibody binds to an epitope of Notchl that is
conserved among Notch1 from different species, e.g., rodents
(mice, rats) and primates.

The term “anti-Notchl NRR antibody” or “an antibody
that binds to Notchl NRR” refers to an antibody that is
capable of binding Notch1 NRR with sufficient affinity such
that the antibody is useful as a diagnostic and/or therapeutic
agent in targeting Notch1. Preferably, the extent of binding of
an anti-Notchl NRR antibody antibody to an unrelated, non-
Notch protein is less than about 10% of the binding of the
antibody to Notchl NRR as measured, e.g., by a radioimmu-
noassay (RIA). In certain embodiments, an antibody that
binds to Notch1 NRR has a dissociation constant (Kd) of <1
uM, <0.5 uM, <100 nM, =50 nM, <10 nM, <5 nM, =<1 nM,
=<0.5nM, or =0.1 nM. In certain embodiments, an anti-Notch1
NRR antibody binds to an epitope of Notch that is conserved
among Notch from different species, e.g., rodents (mice, rats)
and primates.

The term “Notchl-specific antagonist™ refers to an agent
that effects decreased Notchl signaling, as defined above, and
does not significantly affect signaling by another Notch
receptor (Notch2, 3, or 4 in mammals).

An “anti-Notchl antagonist antibody” is an anti-Notchl
antibody (including an anti-Notchl NRR antibody) that
effects decreased Notchl signaling, as defined above.

Reference to “Antibody A, A-1, A-2, and A-3,” singly or in
any combination, means the heavy and light chain variable
regions of the phage and reformatted antibodies designated
Antibody A, A-1, A-2, and A-3 in U.S. Patent Application
Publication No. US 2009/0081238 A1, unless otherwise indi-
cated.

The term “Notch3,” as used herein, refers, unless specifi-
cally or contextually indicated otherwise, to any native or
variant (whether native or synthetic) Notch3 polypeptide. The
term “native sequence” specifically encompasses naturally
occurring truncated forms (e.g., an extracellular domain
sequence or a transmembrane subunit sequence), naturally
occurring variant forms (e.g., alternatively spliced forms) and
naturally-occurring allelic variants. The term “wild-type
Notch3” generally refers to a polypeptide comprising an
amino acid sequence of a naturally occurring, non-mutated
Notch3 protein. The term “wild type Notch3 sequence” gen-
erally refers to an amino acid sequence found in a naturally
occurring, non-mutated Notch3.

The term “Notch3 ligand,” as used herein, refers, unless
specifically or contextually indicated otherwise, to any native
or variant (whether native or synthetic) Notch3 ligand (for
example, Jagged1, Jagged2, Delta-likel, Delta-like3, and/or
Delta-like4) polypeptide. The term “native sequence” specifi-
cally encompasses naturally occurring truncated forms (e.g.,
an extracellular domain sequence or a transmembrane sub-
unit sequence), naturally occurring variant forms (e.g., alter-
natively spliced forms) and naturally-occurring allelic vari-
ants. The term “wild-type Notch3 ligand” generally refers to
a polypeptide comprising an amino acid sequence of a natu-
rally occurring, non-mutated Notch3 ligand. The term “wild
type Notch3 ligand sequence” generally refers to an amino
acid sequence found in a naturally occurring, non-mutated
Notch3 ligand.

The term “activated Notch3 ICD” refers to the Notch3
cleavage product that results from cleavage at site S3 and that
is capable of translocating to the nucleus. In certain embodi-
ments, activated Notch3 ICD consists of amino acids 1662-
2321 of human Notch3 (SEQ ID NO:3).
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The term “Notch3 NRR,” as used herein, refers, unless
specifically or contextually indicated otherwise, to any native
or variant (whether native or synthetic) polypeptide region of
Notch3 consisting of the 3 LNR modules and the amino acid
sequences extending from the carboxy-terminus of the LNR
modules to the transmembrane domain, such sequences
including the HD domain (HD-N and HD-C). Exemplary
Notch3 NRRs consist of the region from about amino acid
1384 to about amino acid 1640 of the human Notch3 amino
acid sequence (SEQ ID NO:3, FIG. 2). The term “native
sequence Notch3 NRR” specifically encompasses naturally
occurring truncated forms, naturally occurring variant forms
(e.g., alternatively spliced forms) and naturally-occurring
allelic variants of a Notch3 NRR. The term “wild-type
Notch3 NRR” generally refers to a naturally occurring, non-
mutated Notch3 NRR. In some embodiments, a Notch3 NRR
is contained in a Notch3, such as, for example, a Notch3
processed at the 51, S2 and/or S3 site(s), or an unprocessed
Notch3. In some embodiments, a Notch3 NRR contains two
or more non-covalently linked fragments of a Notch3 NRR
amino acid sequence, e.g., a fragment containing amino acids
1384 to 1571 of human Notch3 (SEQ ID NO:3) non-co-
valently linked to a fragment containing amino acids 1572 to
1640 of human Notch3 (SEQ ID NO:3).

The term “increased Notch3 signaling,” as used herein
refers to an increase in Notch3 signaling that is significantly
above the level of Notch3 signaling observed in a control
under substantially identical conditions. In certain embodi-
ments, the increase in Notch3 signaling is at least two fold,
three fold, four fold, five fold, or ten fold above the level
observed in the control.

The term “decreased Notch3 signaling,” as used herein
refers to a decrease in Notch3 signaling that is significantly
below the level of Notch3 signaling observed in a control
under substantially identical conditions. In certain embodi-
ments, the decrease in Notch3 signaling is at least two fold,
three fold, four fold, five fold, or ten fold below the level
observed in the control.

In certain embodiments, Notch3 signaling (i.e., increased
or decreased Notch3 signaling) is assessed using a suitable
reporter assay, e.g, as described in Example 5 of U.S. Patent
Application Publication No. US 2008/0226621 A1l. In certain
embodiments, Notch3 signaling is assessed using an in vitro
activity assay, such as the apoptosis, cell migration, invasion,
and morphology assays described in Example 7 of U.S. Patent
Application Publication No. US 2008/0226621 A1l. In certain
embodiments, Notch3 signaling is assessed using an in vivo
xenograft model, such as those described in Example 11 of
US 2008/0226621 Al.

The term “anti-Notch3 antibody” or “an antibody that
binds to Notch3” refers to an antibody that is capable of
binding Notch3 with sufficient affinity such that the antibody
is useful as a diagnostic and/or therapeutic agent in targeting
Notch3. Preferably, the extent of binding of an anti-Notch3
antibody to an unrelated, non-Notch protein is less than about
10% of the binding of the antibody to Notch3 as measured,
e.g., by aradioimmunoassay (RIA). In certain embodiments,
an antibody that binds to Notch3 NRR has a dissociation
constant (Kd) of =1 uM, =<0.5 uM, =100 nM, =50 nM, <10
nM, =5 nM, <1 nM, <0.5 nM, or <0.1 nM. In certain embodi-
ments, an anti-Notch3 antibody binds to an epitope of Notch3
that is conserved among Notch3 from different species, e.g.,
rodents (mice, rats) and primates.

The term “anti-Notch3 NRR antibody” or “an antibody
that binds to Notch3 NRR” refers to an antibody that is
capable of binding Notch3 NRR with sufficient affinity such
that the antibody is useful as a diagnostic and/or therapeutic
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agent in targeting Notch3. Preferably, the extent of binding of
an anti-Notch3 NRR antibody to an unrelated, non-Notch
protein is less than about 10% of the binding of the antibody
to Notch3 NRR as measured, e.g., by a radioimmunoassay
(RIA). In certain embodiments, an antibody that binds to
Notch3 NRR has a dissociation constant (Kd) of =1 uM, <0.5
uM, =100 nM, <50 nM, =10 nM, <5 nM, <1 nM, =<0.5 nM, or
=<0.1 nM. In certain embodiments, an anti-Notch3 NRR anti-
body binds to an epitope of Notch3 that is conserved among
Notch3 from different species, e.g., rodents (mice, rats) and
primates.

The term “Notch3-specific antagonist™ refers to an agent
that effects decreased Notch3 signaling, as defined above, and
does not significantly affect signaling by another Notch
receptor (Notchl, 2, or 4 in mammals).

An “anti-Notch3 antagonist antibody” is an anti-Notch3
antibody (including an anti-Notch3 NRR antibody) that
effects decreased Notch3 signaling, as defined above.

Reference to “antibody 256A-4 and 256A-8.” singly or in
combination, means the mouse monoclonal antibodies des-
ignated 256A-4 and 256A-8 in U.S. Patent Application Pub-
lication No. 2008/0226621 Al.

The term “antagonist” refers to an agent that significantly
inhibits (either partially or completely) the biological activity
of a target molecule.

An “antibody that binds activated Notch3 ICD” refers to an
antibody that binds activated Notch3 ICD such that the anti-
body is useful in distinguishing activated Notch3 ICD from
Notch3 comprising an intact NTM.

The term “antibody” herein is used in the broadest sense
and specifically covers monoclonal antibodies, polyclonal
antibodies, multispecific antibodies (e.g. bispecific antibod-
ies) formed from at least two intact antibodies, and antibody
fragments so long as they exhibit the desired biological activ-
ity.

An “isolated” antibody is one which has been identified
and separated and/or recovered from a component of its natu-
ral environment. Contaminant components of its natural envi-
ronment are materials which would interfere with research,
diagnostic or therapeutic uses for the antibody, and may
include enzymes, hormones, and other proteinaceous or non-
proteinaceous solutes. In some embodiments, an antibody is
purified (1) to greater than 95% by weight of antibody as
determined by, for example, the Lowry method, and in some
embodiments, to greater than 99% by weight; (2) to a degree
sufficient to obtain at least 15 residues of N-terminal or inter-
nal amino acid sequence by use of, for example, a spinning
cup sequenator, or (3) to homogeneity by SDS-PAGE under
reducing or nonreducing conditions using, for example, Coo-
massie blue or silver stain. Isolated antibody includes the
antibody in situ within recombinant cells since at least one
component of the antibody’s natural environment will not be
present. Ordinarily, however, isolated antibody will be pre-
pared by at least one purification step.

“Native antibodies” are usually heterotetrameric glycopro-
teins of about 150,000 daltons, composed of two identical
light (L) chains and two identical heavy (H) chains. Each light
chain is linked to a heavy chain by one covalent disulfide
bond, while the number of disulfide linkages varies among
the heavy chains of different immunoglobulin isotypes. Each
heavy and light chain also has regularly spaced intrachain
disulfide bridges. Each heavy chain has at one end a variable
domain (V) followed by a number of constant domains.
Each light chain has a variable domain at one end (V) and a
constant domain at its other end; the constant domain of the
light chain is aligned with the first constant domain of the
heavy chain, and the light chain variable domain is aligned
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with the variable domain of the heavy chain. Particular amino
acid residues are believed to form an interface between the
light chain and heavy chain variable domains.

The “variable region” or “variable domain” of an antibody
refers to the amino-terminal domains of the heavy or light
chain of the antibody. The variable domain of the heavy chain
may be referred to as “VH.” The variable domain of the light
chain may be referred to as “VL.” These domains are gener-
ally the most variable parts of an antibody and contain the
antigen-binding sites.

The term “variable” refers to the fact that certain portions
of'the variable domains differ extensively in sequence among
antibodies and are used in the binding and specificity of each
particular antibody for its particular antigen. However, the
variability is not evenly distributed throughout the variable
domains of antibodies. It is concentrated in three segments
called hypervariable regions (HVRs) both in the light-chain
and the heavy-chain variable domains. The more highly con-
served portions of variable domains are called the framework
regions (FR). The variable domains of native heavy and light
chains each comprise four FR regions, largely adopting a
beta-sheet configuration, connected by three HVRs, which
form loops connecting, and in some cases forming part of, the
beta-sheet structure. The HVRs in each chain are held
together in close proximity by the FR regions and, with the
HVRs from the other chain, contribute to the formation of the
antigen-binding site of antibodies (see Kabat et al., Sequences
of Proteins of Immunological Interest, Fifth Edition, National
Institute of Health, Bethesda, Md. (1991)). The constant
domains are not involved directly in the binding of an anti-
body to an antigen, but exhibit various effector functions,
such as participation of the antibody in antibody-dependent
cellular toxicity.

The “light chains” of antibodies (immunoglobulins) from
any vertebrate species can be assigned to one of two clearly
distinct types, called kappa () and lambda ()), based on the
amino acid sequences of their constant domains.

Depending on the amino acid sequences of the constant
domains of'their heavy chains, antibodies (immunoglobulins)
can be assigned to different classes. There are five major
classes of immunoglobulins: IgA, IgD, IgE, IgG, and IgM,
and several of these may be further divided into subclasses
(isotypes), e.g., IgG,, 1gG,, 1gG;, 1gG,, IgA |, and IgA,. The
heavy chain constant domains that correspond to the different
classes of immunoglobulins are called o, 9, €, v, and 1, respec-
tively. The subunit structures and three-dimensional configu-
rations of different classes of immunoglobulins are well
known and described generally in, for example, Abbas et al.
Cellular and Mol. Immunology, 4th ed. (W.B. Saunders, Co.,
2000). An antibody may be part of a larger fusion molecule,
formed by covalent or non-covalent association of the anti-
body with one or more other proteins or peptides.

The terms “full length antibody,” “intact antibody” and
“whole antibody” are used herein interchangeably to refer to
an antibody in its substantially intact form, not antibody
fragments as defined below. The terms particularly refer to an
antibody with heavy chains that contain an Fc region.

A “naked antibody” for the purposes herein is an antibody
that is not conjugated to a cytotoxic moiety or radiolabel.

“Antibody fragments” comprise a portion of an intact anti-
body, preferably comprising the antigen binding region
thereof. Examples of antibody fragments include Fab, Fab',
F(ab"),, and Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multispecific antibod-
ies formed from antibody fragments.

Papain digestion of antibodies produces two identical anti-
gen-binding fragments, called “Fab” fragments, each with a

10

15

20

25

30

35

40

45

50

55

60

65

12

single antigen-binding site, and a residual “Fc” fragment,
whose name reflects its ability to crystallize readily. Pepsin
treatment yields an F(ab'), fragment that has two antigen-
combining sites and is still capable of cross-linking antigen.

“Fv” is the minimum antibody fragment which contains a
complete antigen-binding site. In one embodiment, a two-
chain Fv species consists of a dimer of one heavy- and one
light-chain variable domain in tight, non-covalent associa-
tion. In a single-chain Fv (scFv) species, one heavy- and one
light-chain variable domain can be covalently linked by a
flexible peptide linker such that the light and heavy chains can
associate in a “dimeric” structure analogous to that in a two-
chain Fv species. It is in this configuration that the three
HVRs of each variable domain interact to define an antigen-
binding site on the surface of the VH-VL dimer. Collectively,
the six HVRs confer antigen-binding specificity to the anti-
body. However, even a single variable domain (or half of an
Fv comprising only three HVRs specific for an antigen) has
the ability to recognize and bind antigen, although at a lower
affinity than the entire binding site.

The Fab fragment contains the heavy- and light-chain vari-
able domains and also contains the constant domain of the
light chain and the first constant domain (CH1) of the heavy
chain. Fab' fragments differ from Fab fragments by the addi-
tion of a few residues at the carboxy terminus of the heavy
chain CH1 domain including one or more cysteines from the
antibody hinge region. Fab'-SH is the designation herein for
Fab' in which the cysteine residue(s) of the constant domains
bear a free thiol group. F(ab'"), antibody fragments originally
were produced as pairs of Fab' fragments which have hinge
cysteines between them. Other chemical couplings of anti-
body fragments are also known.

“Single-chain Fv” or “scFv” antibody fragments comprise
the VH and VL domains of antibody, wherein these domains
are present in a single polypeptide chain. Generally, the scFv
polypeptide further comprises a polypeptide linker between
the VH and VL domains which enables the scFv to form the
desired structure for antigen binding. For a review of scFv,
see, e.g., Pluckthiin, in The Pharmacology of Monoclonal
Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-
Verlag, New York, 1994), pp. 269-315.

The term “diabodies” refers to antibody fragments with
two antigen-binding sites, which fragments comprise a
heavy-chain variable domain (VH) connected to a light-chain
variable domain (VL) in the same polypeptide chain (VH-
VL). By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are
forced to pair with the complementary domains of another
chain and create two antigen-binding sites. Diabodies may be
bivalent or bispecific. Diabodies are described more fully in,
for example, EP 404,097, WO 1993/01161; Hudson et al.,
Nat. Med. 9:129-134 (2003); and Hollinger et al., Proc. Natl.
Acad. Sci. USA 90: 6444-6448 (1993). Triabodies and tetra-
bodies are also described in Hudson et al., Nat. Med. 9:129-
134 (2003).

The term “monoclonal antibody” as used herein refers to
an antibody obtained from a population of substantially
homogeneous antibodies, i.e., the individual antibodies com-
prising the population are identical except for possible muta-
tions, e.g., naturally occurring mutations, that may be present
in minor amounts. Thus, the modifier “monoclonal” indicates
the character of the antibody as not being a mixture of discrete
antibodies. In certain embodiments, such a monoclonal anti-
body typically includes an antibody comprising a polypeptide
sequence that binds a target, wherein the target-binding
polypeptide sequence was obtained by a process that includes
the selection of a single target binding polypeptide sequence
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from a plurality of polypeptide sequences. For example, the
selection process can be the selection of a unique clone from
a plurality of clones, such as a pool of hybridoma clones,
phage clones, or recombinant DNA clones. It should be
understood that a selected target binding sequence can be
further altered, for example, to improve affinity for the target,
to humanize the target binding sequence, to improve its pro-
duction in cell culture, to reduce its immunogenicity in vivo,
to create a multispecific antibody, etc., and that an antibody
comprising the altered target binding sequence is also a
monoclonal antibody of this invention. In contrast to poly-
clonal antibody preparations, which typically include difter-
ent antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal anti-
body preparation is directed against a single determinant on
an antigen. In addition to their specificity, monoclonal anti-
body preparations are advantageous in that they are typically
uncontaminated by other immunoglobulins.

The modifier “monoclonal” indicates the character of the
antibody as being obtained from a substantially homoge-
neous population of antibodies, and is not to be construed as
requiring production of the antibody by any particular
method. For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a
variety of techniques, including, for example, the hybridoma
method (e.g., Kohler and Milstein, Nature, 256:495-97
(1975); Hongo et al., Hybridoma, 14 (3): 253-260 (1995),
Harlow et al., Antibodies: A Laboratory Manual, (Cold
Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling
et al., in: Monoclonal Antibodies and T-Cell Hybridomas
563-681 (Elsevier, N.Y., 1981)), recombinant DNA methods
(see, e.g., U.S. Pat. No. 4,816,567), phage-display technolo-
gies (see, e.g., Clackson et al., Nature, 352: 624-628 (1991);
Marks et al., J. Mol. Biol. 222: 581-597 (1992); Sidhu et al.,
J. Mol. Biol. 338(2): 299-310 (2004); Lee et al., J. Mol. Biol.
340(5): 1073-1093 (2004); Fellouse, Proc. Natl. Acad. Sci.
USA 101 (34): 12467-12472 (2004); and Lee et al., J. Immu-
nol. Methods 284 (1-2): 119-132 (2004), and technologies for
producing human or human-like antibodies in animals that
have parts or all of the human immunoglobulin loci or genes
encoding human immunoglobulin sequences (see, e.g., WO
1998/24893; WO 1996/34096; WO 1996/33735; WO 1991/
10741, Jakobovits et al., Proc. Natl. Acad. Sci. US4 90: 2551
(1993); Jakobovits et al., Nature 362: 255-258 (1993);
Bruggemann et al., Year in Immunol. 7:33 (1993); U.S. Pat.
Nos. 5,545,807, 5,545,806; 5,569,825, 5,625,126, 5,633,425,
and 5,661,016; Marks et al., Bio/Technology 10: 779-783
(1992); Lonberg et al., Nature 368: 856-859 (1994); Morri-
son, Nature 368: 812-813 (1994); Fishwild et al., Nature
Biotechnol. 14: 845-851 (1996); Neuberger, Nature Biotech-
nol. 14: 826 (1996); and Lonberg and Huszar, Intern. Rev.
Immunol. 13: 65-93 (1995).

The monoclonal antibodies herein specifically include
“chimeric” antibodies in which a portion of the heavy and/or
light chain is identical with or homologous to corresponding
sequences in antibodies derived from a particular species or
belonging to a particular antibody class or subclass, while the
remainder of the chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from another
species or belonging to another antibody class or subclass, as
well as fragments of such antibodies, so long as they exhibit
the desired biological activity (see, e.g., U.S. Pat. No. 4,816,
567; and Morrison et al., Proc. Natl. Acad. Sci. US4 81:6851-
6855 (1984)). Chimeric antibodies include PRIMATIZED®
antibodies wherein the antigen-binding region of the anti-
body is derived from an antibody produced by, e.g., immu-
nizing macaque monkeys with the antigen of interest.
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“Humanized” forms of non-human (e.g., murine) antibod-
ies are chimeric antibodies that contain minimal sequence
derived from non-human immunoglobulin. In one embodi-
ment, a humanized antibody is a human immunoglobulin
(recipient antibody) in which residues from a HVR of the
recipient are replaced by residues from a HVR of a non-
human species (donor antibody) such as mouse, rat, rabbit, or
nonhuman primate having the desired specificity, affinity,
and/or capacity. In some instances, FR residues of the human
immunoglobulin are replaced by corresponding non-human
residues. Furthermore, humanized antibodies may comprise
residues that are not found in the recipient antibody or in the
donor antibody. These modifications may be made to further
refine antibody performance. In general, a humanized anti-
body will comprise substantially all of at least one, and typi-
cally two, variable domains, in which all or substantially all of
the hypervariable loops correspond to those of a non-human
immunoglobulin, and all or substantially all of the FRs are
those of a human immunoglobulin sequence. The humanized
antibody optionally will also comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a
human immunoglobulin. For further details, see, e.g., Jones et
al., Nature 321:522-525 (1986); Riechmann et al., Nature
332:323-329 (1988); and Presta, Curr. Op. Struct. Biol.
2:593-596 (1992). See also, e.g., Vaswani and Hamilton, Ann.
Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Bio-
chem. Soc. Tramnsactions 23:1035-1038 (1995); Hurle and
Gross, Curr. Op. Biotech. 5:428-433 (1994); and U.S. Pat.
Nos. 6,982,321 and 7,087,409.

A “human antibody” is one which possesses an amino acid
sequence which corresponds to that of an antibody produced
by a human and/or has been made using any of the techniques
for making human antibodies as disclosed herein. This defi-
nition of a human antibody specifically excludes a humanized
antibody comprising non-human antigen-binding residues.
Human antibodies can be produced using various techniques
known in the art, including phage-display libraries. Hoogen-
boom and Winter, J. Mol. Biol., 227:381 (1991); Marks et al.,
J. Mol. Biol., 222:581 (1991). Also available for the prepara-
tion of human monoclonal antibodies are methods described
in Cole et al., Monoclonal Antibodies and Cancer Therapy,
Alan R. Liss, p. 77 (1985); Boerner et al., J. Immunol., 147
(1):86-95 (1991). See also van Dijk and van de Winkel, Curr.
Opin. Pharmacol., 5: 368-74 (2001). Human antibodies can
be prepared by administering the antigen to a transgenic
animal that has been modified to produce such antibodies in
response to antigenic challenge, but whose endogenous loci
have been disabled, e.g., immunized xenomice (see, e.g., U.S.
Pat. Nos. 6,075,181 and 6,150,584 regarding XENOM-
OUSE™ technology). See also, for example, Li et al., Proc.
Natl. Acad. Sci. US4, 03:3557-3562 (2006) regarding human
antibodies generated via a human B-cell hybridoma technol-
ogy.

The term “hypervariable region,” “HVR,” or “HV,” when
used herein refers to the regions of an antibody variable
domain which are hypervariable in sequence and/or form
structurally defined loops. Generally, antibodies comprise six
HVRs; three inthe VH (H1, H2, H3), and three in the VL. (L1,
L2, L3). In native antibodies, H3 and .3 display the most
diversity of the six HVRs, and H3 in particular is believed to
play a unique role in conferring fine specificity to antibodies.
See, e.g., Xu et al., Immunity 13:37-45 (2000); Johnson and
Wu, in Methods in Molecular Biology 248:1-25 (Lo, ed.,
Human Press, Totowa, N.J., 2003). Indeed, naturally occur-
ring camelid antibodies consisting of a heavy chain only are
functional and stable in the absence of light chain. See, e.g.,
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Hamers-Casterman et al., Nature 363:446-448 (1993); Sher-
iff et al., Nature Struct. Biol. 3:733-736 (1996).

A number of HVR delineations are in use and are encom-
passed herein. The Kabat Complementarity Determining
Regions (CDRs) are based on sequence variability and are the
most commonly used (Kabat et al., Sequences of Proteins of
Immunological Interest, 5Sth Ed. Public Health Service,
National Institutes of Health, Bethesda, Md. (1991)). Chothia
refers instead to the location of the structural loops (Chothia
and Lesk J. Mol. Biol. 196:901-917 (1987)). The AbM HVRs
represent a compromise between the Kabat HVRs and
Chothia structural loops, and are used by Oxford Molecular’s
AbM antibody modeling software. The “contact” HVRs are
based on an analysis of the available complex crystal struc-
tures. The residues from each of these HVRs are noted below.

Loop Kabat AbM Chothia Contact

L1 124-1L34 1.24-134 126-132 1L30-L36

L2 L50-L56 L50-L56 L50-1L52 146-155

L3 1.89-L97 1.89-197 191-1L96 1.89-1L96

H1 H31-H35B H26-H35B H26-H32 H30-H35B
(Kabat Numbering)

H1 H31-H35 H26-H35 H26-H32 H30-H35
(Chothia Numbering)

H2 H50-H65 H50-H58 H53-H55 H47-H58

H3 H95-H102 H95-H102 H96-H101  H93-H101

HVRs may comprise “extended HVRs” as follows: 24-36
or24-34 (L1),46-56 or 50-56 (L.2) and 89-97 or 89-96 (L3) in
the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102,
94-102, or 95-102 (H3) in the VH. The variable domain
residues are numbered according to Kabat et al., supra, for
each of these definitions.

“Framework” or “FR” residues are those variable domain
residues other than the HVR residues as herein defined.

The term “variable domain residue numbering as in Kabat”
or “amino acid position numbering as in Kabat,” and varia-
tions thereof, refers to the numbering system used for heavy
chain variable domains or light chain variable domains of the
compilation of antibodies in Kabat et al., supra. Using this
numbering system, the actual linear amino acid sequence may
contain fewer or additional amino acids corresponding to a
shortening of; or insertion into, a FR or HVR of the variable
domain. For example, a heavy chain variable domain may
include a single amino acid insert (residue 52a according to
Kabat) after residue 52 of H2 and inserted residues (e.g.
residues 82a, 82b, and 82c, etc. according to Kabat) after
heavy chain FR residue 82. The Kabat numbering of residues
may be determined for a given antibody by alignment at
regions of homology of the sequence of the antibody with a
“standard” Kabat numbered sequence.

The Kabat numbering system is generally used when refer-
ring to a residue in the variable domain (approximately resi-
dues 1-107 of the light chain and residues 1-113 of the heavy
chain) (e.g., Kabat et al., supra). The “EU numbering system”
or “EU index” is generally used when referring to a residue in
an immunoglobulin heavy chain constant region (e.g., the EU
index reported in Kabat et al., supra). The “EU index as in
Kabat” refers to the residue numbering of the human IgG1 EU
antibody. Unless stated otherwise herein, references to resi-
due numbers in the variable domain of antibodies means
residue numbering by the Kabat numbering system. Unless
stated otherwise herein, references to residue numbers in the
constant domain of antibodies means residue numbering by
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the EU numbering system (e.g., see United States Patent
Application Publication US 2008/0181888 Al, Figures for
EU numbering).

An “affinity matured” antibody is one with one or more
alterations in one or more HVRs thereof which result in an
improvement in the affinity of the antibody for antigen, com-
pared to a parent antibody which does not possess those
alteration(s). In one embodiment, an affinity matured anti-
body has nanomolar or even picomolar affinities for the target
antigen. Affinity matured antibodies may be produced using
certain procedures known in the art. For example, Marks et al.
Bio/Technology 10:779-783 (1992) describe affinity matura-
tion by VH and VL. domain shuffling. Random mutagenesis of
HVR and/or framework residues is described by, for example,
in Barbas et al. Proc Nat. Acad. Sci. US4 91:3809-3813
(1994); Schier etal. Gene 169:147-155 (1995); Yelton et al. J.
Immunol. 155:1994-2004 (1995); Jackson et al., J. Immunol.
154(7):3310-9 (1995); and Hawkins et al, J. Mol. Biol. 226:
889-896 (1992).

Antibody “effector functions” refer to those biological
activities attributable to the Fc region (a native sequence Fc
region or amino acid sequence variant Fc region) of an anti-
body, and vary with the antibody isotype. Examples of anti-
body effector functions include: C1q binding and comple-
ment dependent cytotoxicity (CDC); Fc receptor binding;
antibody-dependent cell-mediated cytotoxicity (ADCC);
phagocytosis; down regulation of cell surface receptors (e.g.
B cell receptor); and B cell activation.

“Binding affinity” generally refers to the strength of the
sum total of noncovalent interactions between a single bind-
ing site of a molecule (e.g., an antibody) and its binding
partner (e.g., an antigen). Unless indicated otherwise, as used
herein, “binding affinity” refers to intrinsic binding affinity
which reflects a 1:1 interaction between members of a bind-
ing pair (e.g., antibody and antigen). The affinity of a mol-
ecule X for its partner Y can generally be represented by the
dissociation constant (Kd). Affinity can be measured by com-
mon methods known in the art, including those described
herein. Low-affinity antibodies generally bind antigen slowly
and tend to dissociate readily, whereas high-affinity antibod-
ies generally bind antigen faster and tend to remain bound
longer. A variety of methods of measuring binding affinity are
known in the art, any of which can be used for purposes of the
present invention. Specific illustrative and exemplary
embodiments for measuring binding affinity are described in
the following.

In one embodiment, the “Kd” or “Kd value” according to
this invention is measured by a radiolabeled antigen binding
assay (RIA) performed with the Fab version of an antibody of
interest and its antigen as described by the following assay.
Solution binding affinity of Fabs for antigen is measured by
equilibrating Fab with a minimal concentration of (**°I)-
labeled antigen in the presence of a titration series of unla-
beled antigen, then capturing bound antigen with an anti-Fab
antibody-coated plate (see, e.g., Chen, et al., J. Mol. Biol.
293:865-881 (1999)). To establish conditions for the assay,
MICROTITER® multi-well plates (Thermo Scientific) are
coated overnight with 5 ng/ml of a capturing anti-Fab anti-
body (Cappel Labs) in 50 mM sodium carbonate (pH 9.6),
and subsequently blocked with 2% (w/v) bovine serum albu-
min in PBS for two to five hours at room temperature (ap-
proximately 23° C.). In a non-adsorbent plate (Nunc
#269620), 100 pM or 26 pM [**°I]-antigen antigen are mixed
with serial dilutions of a Fab of interest (e.g., consistent with
assessment of the anti-VEGF antibody, Fab-12, in Presta et
al., Cancer Res. 57:4593-4599 (1997)). The Fab of interest is
then incubated overnight; however, the incubation may con-
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tinue for a longer period (e.g., about 65 hours) to ensure that
equilibrium is reached. Thereafter, the mixtures are trans-
ferred to the capture plate for incubation at room temperature
(e.g., foronehour). The solution is then removed and the plate
washed eight times with 0.1% TWEEN-20™ in PBS. When
the plates have dried, 150 pl/well of scintillant (MICROS-
CINT-20™; Packard) is added, and the plates are counted on
a TOPCOUNT™ gamma counter (Packard) for ten minutes.
Concentrations of each Fab that give less than or equal to 20%
of maximal binding are chosen for use in competitive binding
assays.

According to another embodiment, the Kd or Kd value is
measured by using surface plasmon resonance assays using a
BIACORE®-2000 or a BIACORE®-3000 (BIAcore, Inc.,
Piscataway, N.J.) at 25° C. with immobilized antigen CM5
chips at ~10 response units (RU). Briefly, carboxymethylated
dextran biosensor chips (CMS5, BIACORE, Inc.) are activated
with N-ethyl-N'-(3-dimethylaminopropyl)-carbodiimide
hydrochloride (EDC) and N-hydroxysuccinimide (NHS)
according to the supplier’s instructions. Antigen is diluted
with 10 mM sodium acetate, pH 4.8, to 5 pg/ml (~0.2 uM)
before injection at a flow rate of 5 pl/minute to achieve
approximately 10 response units (RU) of coupled protein.
Following the injection of antigen, 1 M ethanolamine is
injected to block unreacted groups. For kinetics measure-
ments, two-fold serial dilutions of Fab (0.78 nM to 500 nM)
are injected in PBS with 0.05% TWEEN-20™ surfactant
(PBST) at 25° C. at a flow rate of approximately 25 ul/min.
Association rates (k,,,) and dissociation rates (k) are calcu-
lated using a simple one-to-one Langmuir binding model
(BIACORE® Evaluation Software version 3.2) by simulta-
neously fitting the association and dissociation sensorgrams.
The equilibrium dissociation constant (Kd) is calculated as
the ratio k, /k ,,,. See, e.g., Chen etal., J. Mol. Biol. 293:865-
881 (1999). If the on-rate exceeds 10° M~! s~* by the surface
plasmon resonance assay above, then the on-rate can be deter-
mined by using a fluorescent quenching technique that mea-
sures the increase or decrease in fluorescence emission inten-
sity (excitation=295 nm; emission=340 nm, 16 nm band-
pass) at 25° C. of a 20 nM anti-antigen antibody (Fab form) in
PBS, pH 7.2, in the presence of increasing concentrations of
antigen as measured in a spectrometer, such as a stop-flow
equipped spectrophometer (Aviv Instruments) or a 8000-se-
ries SLM-AMINCO™ spectrophotometer (ThermoSpec-
tronic) with a stirred cuvette.

An “on-rate,” “rate of association,” “association rate,” or
“k,,,” according to this invention can also be determined as
described above using a BIACORE®-2000 or a BIA-
CORE®-3000 system (BlAcore, Inc., Piscataway, N.J.).

A “disorder” is any condition or disease that would benefit
from treatment with a composition or method of the inven-
tion. This includes chronic and acute disorders including
those pathological conditions which predispose the mammal
to the disorder in question. Non-limiting examples of disor-
ders to be treated herein include conditions such as cancer.

The terms “cell proliferative disorder” and “proliferative
disorder” refer to disorders that are associated with some
degree of abnormal cell proliferation. In one embodiment, the
cell proliferative disorder is cancer.

“Tumor,” as used herein, refers to all neoplastic cell growth
and proliferation, whether malignant or benign, and all pre-
cancerous and cancerous cells and tissues. The terms “can-
cer,” “cancerous,” “cell proliferative disorder,” “proliferative
disorder,” and “tumor” are not mutually exclusive as referred
to herein.

The terms “cancer” and “cancerous” refer to or describe the
physiological condition in mammals that is typically charac-
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terized by unregulated cell growth/proliferation. Examples of
cancer include but are not limited to, carcinoma, lymphoma,
blastoma, sarcoma, and leukemia. More particular examples
of'such cancers include squamous cell cancer, small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma of the
lung, squamous carcinoma of the lung, cancer of the perito-
neum, hepatocellular cancer, gastrointestinal cancer, pancre-
atic cancer, glioblastoma, cervical cancer, ovarian cancer,
liver cancer, bladder cancer, hepatoma, breast cancer, colon
cancer, colorectal cancer, endometrial or uterine carcinoma,
salivary gland carcinoma, kidney cancer, liver cancer, pros-
tate cancer, vulval cancer, thyroid cancer, hepatic carcinoma,
gastric cancer, melanoma, and various types of head and neck
cancer. Dysregulation of angiogenesis can lead to many dis-
orders that can be treated by compositions and methods of the
invention. These disorders include both non-neoplastic and
neoplastic conditions. Neoplastics include but are not limited
those described above. Non-neoplastic disorders include but
are not limited to undesired or aberrant hypertrophy, arthritis,
rheumatoid arthritis (RA), psoriasis, psoriatic plaques, sar-
coidosis, atherosclerosis, atherosclerotic plaques, diabetic
and other proliferative retinopathies including retinopathy of
prematurity, retrolental fibroplasia, neovascular glaucoma,
age-related macular degeneration, diabetic macular edema,
corneal neovascularization, corneal graft neovascularization,
corneal graft rejection, retinal/choroidal neovascularization,
neovascularization of the angle (rubeosis), ocular neovascu-
lar disease, vascular restenosis, arteriovenous malformations
(AVM), meningioma, hemangioma, angiofibroma, thyroid
hyperplasias (including Grave’s disease), corneal and other
tissue transplantation, chronic inflammation, lung inflamma-
tion, acute lung injury/ARDS, sepsis, primary pulmonary
hypertension, malignant pulmonary effusions, cerebral
edema (e.g., associated with acute stroke/closed head injury/
trauma), synovial inflammation, pannus formation in RA,
myositis ossificans, hypertropic bone formation, osteoarthri-
tis (OA), refractory ascites, polycystic ovarian disease,
endometriosis, 3rd spacing of fluid diseases (pancreatitis,
compartment syndrome, burns, bowel disease), uterine
fibroids, premature labor, chronic inflammation such as IBD
(Crohn’s disease and ulcerative colitis), renal allograft rejec-
tion, inflammatory bowel disease, nephrotic syndrome,
undesired or aberrant tissue mass growth (non-cancer),
hemophilic joints, hypertrophic scars, inhibition of hair
growth, Osler-Weber syndrome, pyogenic granuloma retro-
lental fibroplasias, scleroderma, trachoma, vascular adhe-
sions, synovitis, dermatitis, preeclampsia, ascites, pericardial
effusion (such as that associated with pericarditis), and pleu-
ral effusion.

The term “leukemia” refers to an acute or chronic disease
characterized by an abnormal increase in the number of white
blood cells (leukocytes) in hemopoietic tissues, other organs,
and often in the blood. Leukemias include, but are not limited
to, acute lymphoblastic leukemia (ALL), including T-lineage
acute lymphoblastic leukemia (T-ALL) as well as other lym-
phocytic leukemias; adult T-cell leukemia/lymphoma;
chronic myeloid (myelogenous) leukemia (CML), acute
myeloid (myelogenous) leukemia (AML), and other granu-
locytic leukemias; and lineage switch leukemias.

The term “T-cell leukemia” refers to a leukemia character-
ized by an abnormal increase in the number of T-lineage
lymphoblasts or T-lymphocytes.

The term “T-cell progenitor leukemia” refers to a leukemia
characterized by an abnormal increase in the number of T-lin-
eage lymphoblasts.
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A “GSl-responsive cancer” is a cancer (such as a leukemia)
that responds to a gamma secretase inhibitor or that would
respond to a gamma secretase inhibitor if treated with such.

A cancer that “responds” to a therapeutic agent is one that
shows a significant decrease in cancer or tumor progression,
including but not limited to, (1) inhibition, to some extent, of
tumor growth, including slowing down and complete growth
arrest; (2) reduction in the number of cancer or tumor cells;
(3) reduction in tumor size; (4) inhibition (i.e., reduction,
slowing down or complete stopping) of cancer cell infiltration
into adjacent peripheral organs and/or tissues; and/or (5) inhi-
bition (i.e. reduction, slowing down or complete stopping) of
metastasis.

A cancer that “does not respond to a Notchl-specific
antagonist” is a cancer that does not respond to treatment with
a Notchl-specific antagonist (in the absence of any other
Notch antagonist, i.e., a Notch2, Notch3 or Notch4 antago-
nist), or that would not respond to such treatment if given.

As used herein, “treatment” (and variations such as “treat”
or “treating”) refers to clinical intervention in an attempt to
alter the natural course of the individual or cell being treated,
and can be performed either for prophylaxis or during the
course of clinical pathology. Desirable effects of treatment
include preventing occurrence or recurrence of disease, alle-
viation of symptoms, diminishment of any direct or indirect
pathological consequences of the disease, preventing
metastasis, decreasing the rate of disease progression, ame-
lioration or palliation of the disease state, and remission or
improved prognosis. In some embodiments, antibodies of the
invention are used to delay development of a disease or dis-
order or to slow the progression of a disease or disorder.

An “individual,” “subject,” or “patient” is a vertebrate. In
certain embodiments, the vertebrate is a mammal. Mammals
include, but are not limited to, farm animals (such as cows),
sport animals, pets (such as cats, dogs, and horses), primates,
mice and rats. In certain embodiments, a mammal is a human.

The term “pharmaceutical formulation” refers to a prepa-
ration which is in such form as to permit the biological activ-
ity of the active ingredient to be effective, and which contains
no additional components which are unacceptably toxic to a
subject to which the formulation would be administered.
Such formulations may be sterile.

An “effective amount” refers to an amount effective, at
dosages and for periods of time necessary, to achieve the
desired therapeutic or prophylactic result.

I1. Embodiments of the Invention

The present invention relates, in part, to the characteriza-
tion of different classes of T-ALL. One class of T-ALL is
sensitive to treatment with GSI, which is a pan-Notch inhibi-
tor, and is also sensitive to treatment with a Notchl1-specific
antagonist, indicating that Notchl specifically drives this
class of T-ALL. Another class of T-ALL is sensitive to treat-
ment with GSI, but insensitive (i.e., resistant) to treatment
with a Notch1-specific antagonist, indicating that an alterna-
tive or additional Notch receptor may drive this class of
T-ALL. As shown herein, the inventors have discovered that
this latter class of T-ALL is partially sensitive to treatment
with a Notch3-specific antagonist, and even more sensitive to
a combination of a Notchl1-specific antagonist and a Notch3-
specific antagonist. These results suggest a role for both
Notchl and Notch3 in leukemias, particularly T-cell and
T-cell progenitor leukemias such as T-ALL.

A. Methods of Treatment

1. Treatment of Cancer with a Notch3-Specific Antagonist,
Singly or in Combination with a Notch1-Specific Antagonist
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In various aspects of the invention, methods of treating a
GSl-responsive cancer are provided, the method comprising
administering to a patient having such cancer an effective
amount of a Notch3-specific antagonist. In certain embodi-
ments, the GSI-responsive cancer is leukemia. In certain
embodiments, the GSI-responsive cancer does not respond to
aNotchl-specific antagonist, e.g., the cancer has significantly
increased levels of activated Notch3 and/or the cancer has
absent or reduced levels of activated Notchl. In a further
embodiment, the method further comprises administering an
effective amount of a Notchl1-specific antagonist. These and
further aspects of the invention are described below.

In a particular aspect of the invention, a method of treating
a GSl-responsive leukemia that does not respond to a Notch1-
specific antagonist is provided, the method comprising
administering to a patient having such leukemia an effective
amount of a Notch3-specific antagonist.

A GSl-responsive leukemia may be identified by various
ways. For example, a patient having leukemia may be treated
with a GSI to determine whether or not the leukemia is GSI-
responsive. Such a GSI may include any GSI that signifi-
cantly inhibits Notch receptors. Such a GSI includes, but is
not limited to, N—[N-(3,5-difluorophenacetyl)-1-alanyl]-S-
phenylglycine t-butyl ester (DAPT); dibenzazepine;
MK-0752 (Merck); the tripeptide z-Leu-Leu-Nle-CHO
(Curry et al., Oncogene 24:6333-6344); and cbz-1L-CHO
(Weijzen et al., Nat. Med. 8:979-986, 2002). It is noted, how-
ever, that a patient having leukemia need not have been
treated with a GSIin order to determine whether the leukemia
is GSl-responsive. Other methods may be employed. For
example, leukemic cells removed from the patient may be
assessed for cell proliferation or survival in the presence of a
GSI, such as any of those listed above. In a further example,
leukemic cells removed from the patient may be examined for
increased Notch signaling by one or more Notch receptors,
which would predict that the cells are GSI-responsive. For
example, the cells may be assessed for the presence of a
mutated, overexpressed, or activated Notch receptor. Meth-
ods similar to those described above may be used to deter-
mine whether any cancer is GSI-responsive.

A leukemia (e.g., a GSI-responsive leukemia) may be iden-
tified as one that does not respond to a Notchl-specific
antagonist by various ways. For example, a patient having a
leukemia may be treated with a Notch1-specific antagonist to
determine whether or not the leukemia responds to the
Notchl-specific antagonist. In certain embodiments, the
Notchl-specific antagonist to which a leukemia does not
respond is an anti-Notchl antagonist antibody. In one such
embodiment, the anti-Notchl antagonist antibody is an anti-
body that binds to the extracellular domain of Notchl and
effects decreased Notch1 signaling. In one such embodiment,
the anti-Notch1 antagonist antibody is an anti-Notchl NRR
antibody. Anti-Notchl NRR antibodies include, but are not
limited to, any of the anti-Notchl NRR antibodies disclosed
in U.S. Application Publication No. US 2009/0081238 Al,
which is expressly incorporated by reference herein in its
entirety. Such antibodies include, but are not limited to, anti-
Notchl NRR antibodies that bind to Notchl NRR with an
affinity of 0.1 uM; anti-Notchl NRR antibodies that bind to
LNR-A, LNR-B and HD-C of the Notchl NRR; or a combi-
nation of the foregoing. Exemplary anti-Notchl NRR anti-
bodies include but are not limited to Antibodies A, A-1, A-2,
and A-3 as described in US 2009/0081238 A1, or antibodies
comprising the heavy and light chain variable region CDRs of
an antibody selected from Antibody A, A-1, A-2, and A-3. In
another such embodiment, an anti-Notchl antagonist anti-
body is an anti-Notchl antibody that binds to one or more
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EGF-like repeats of Notch1. Examples of such antibodies are
described in International Publication No. WO 2008/091641.
In certain embodiments, an anti-Notch1 antibody that binds
to one or more EGF-like repeats of Notchl effects decreased
Notchl signaling by significantly blocking binding of ligand
to Notchl.

It is noted, however, that a patient having leukemia need
not have been treated with a Notchl-specific antagonist in
order to determine whether the leukemia is one that does not
respond to a Notchl-specific antagonist. Other methods may
be employed. For example, leukemic cells removed from the
patient may be assessed for absent or reduced Notch1 activa-
tion, or in certain embodiments, the presence of wild-type
Notchl, which would predict that the leukemia is one that
does not respond to a Notchl-specific antagonist. For
example, the cells may be assessed for absent or reduced
Notchl signaling by assessing absent or reduced transcription
of Notchl target genes, such as Heyl and Hey2. In a further
example, the cells may be assessed for absent or reduced
Notchl signaling by detecting absent or reduced levels of an
activated form of Notchl, e.g., by using an antibody specific
for activated Notchl such as anti-active Notchl Vall744
(commercially available from Cell Signaling Technologies).
In certain embodiments, a suitable comparator cell (positive
control) may be a leukemic cell that responds to a Notchl-
specific antagonist, e.g., a leukemic cell in which the Notch1
pathway is activated. Such a comparator cell may include,
e.g., a T-ALL cell in which Notchl is known to be overex-
pressed, mutated (e.g., having a Notch1 activating mutation)
or activated (e.g., constitutively activated), such as an HPB-
ALL cell. If leukemic cells removed from a patient have
absent or significantly reduced levels of activated Notchl
compared to the comparator cell, then the patient’s leukemia
is presumptively one that does not respond to a Notchl-
specific antagonist.

Leukemic cells may also be assessed for activation of
Notch3, indicating that the Notch3 pathway is activated and
that the leukemia is therefore predicted to be one that does not
respond to a Notch1-specific antagonist. In one embodiment,
leukemic cells may be examined for the presence of overex-
pressed, mutated or activated Notch3. In certain embodi-
ments, a suitable comparator cell (negative control) for pur-
poses of assessing Notch3 activation status may be a
leukemic cell that responds to a Notchl-specific antagonist,
e.g.,aleukemic cell in which the Notch1 pathway is activated.
Such a comparator cell may include, e.g., a T-ALL cell in
which Notchl is known to be overexpressed, mutated or
activated such as an HPB-ALL cell. In such a cell, Notch3 is
not expected to be significantly activated. Therefore, if leu-
kemic cells removed from a patient have significantly
increased levels of activated Notch3 compared to the com-
parator cell, then the patient’s leukemia is presumptively one
that does not respond to a Notchl-specific antagonist. In
certain other embodiments, a suitable comparator cell (posi-
tive control) may be a leukemic cell in which Notch3 is
known to be overexpressed, mutated or activated, such as a
TALL-1 cell. In such a cell, Notch3 is expected to have
significantly increased levels of activated Notch3. Therefore,
if leukemic cells removed from a patient have comparable
levels of activated Notch3 compared to the comparator cell,
then the patient’s leukemia is presumptively one that does not
respond to a Notch1-specific antagonist. Methods similar to
those described above can be used to determine whether any
cancer is one that does not respond to a Notchl-specific
antagonist.
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A useful tool for assessing Notch3 activation status is the
new anti-Notch3 ICD antibody described in the Examples,
which binds to activated Notch3 ICD.

In certain embodiments, the Notch3-specific antagonist
that is administered is an anti-Notch3 antagonist antibody. In
one such embodiment, the anti-Notch3 antagonist antibody is
an antibody that binds to the extracellular domain of Notch3
and effects decreased Notch3 signaling. In one such embodi-
ment, the anti-Notch3 antagonist antibody is an anti-Notch3
NRR antibody. Anti-Notch3 NRR antibodies include, but are
not limited to, any of the anti-Notch3 NRR antibodies dis-
closed in U.S. Patent Application Publication No. US 2008/
0226621 Al, which is expressly incorporated by reference
herein in its entirety. Such antibodies include, but are not
limited to anti-Notch3 NRR antibodies that bind to the
LNR-A and HD-C domains of Notch3 NRR. Exemplary anti-
Notch3 NRR antibodies are monoclonal antibodies 256 A-4
and 256A-8, as described in US 2008/0226621 Al, and
humanized forms thereof, as well as anti-Notch3 NRR anti-
bodies comprising the heavy and light chain variable region
CDRs of antibody 256A-4 or 256A-8. In another such
embodiment, an anti-Notch3 antagonist antibody is an anti-
Notch3 antibody that binds to one or more EGF-like repeats
of' Notch3. Examples of such antibodies are described in Li et
al., J Biol. Chem. 283:8046-8054, 2008. In certain embodi-
ments, an anti-Notch3 antibody that binds to one or more
EGF-like repeats of Notch3 effects decreased Notch3 signal-
ing by significantly blocking binding of ligand to Notch3.

In certain embodiments, a leukemia is a T-cell leukemia. In
certain such embodiments, a T-cell leukemia is a T-cell pro-
genitor leukemia. In certain such embodiments, a T-cell pro-
genitor leukemia is T-ALL.

In further embodiments, a method of treating a GSI-re-
sponsive cancer that does not respond to a Notchl-specific
antagonist is provided, the method comprising administering
to a patient having such cancer an effective amount of a
Notch3-specific antagonist, and further comprising adminis-
tering to such patient an effective amount of a Notch-1 spe-
cific antagonist. In certain embodiments, the GSI-responsive
cancer is a GSl-responsive leukemia. In certain embodi-
ments, the Notch1-specific antagonist to be administered is an
anti-Notchl antagonist antibody. In one such embodiment,
the anti-Notch1 antagonist antibody is an antibody that binds
to the extracellular domain of Notchl and effects decreased
Notchl signaling. In one such embodiment, the anti-Notchl
antagonist antibody is an anti-Notchl NRR antibody. Anti-
Notchl NRR antibodies include, but are not limited to, any of
the anti-Notchl NRR antibodies disclosed in U.S. Applica-
tion Publication No. US 2009/0081238 Al, which is
expressly incorporated by reference herein. Such antibodies
include, but are not limited to, anti-Notchl NRR antibodies
that bind to Notchl NRR with an affinity of <0.1 pM; anti-
Notchl NRR antibodies that bind to LNR-A, LNR-B and
HD-C of'the Notch1 NRR; or a combination of the foregoing.
Exemplary anti-Notchl NRR antibodies include but are not
limited to Antibodies A, A-1, A-2, and A-3 as described in US
2009/0081238 Al, or antibodies comprising the heavy and
light chain variable region CDRs of an antibody selected from
Antibody A, A-1, A-2, and A-3. In another such embodiment,
the anti-Notchl antagonist antibody is an anti-Notchl anti-
body that binds to one or more EGF-like repeats of Notchl.
Examples of such antibodies are described in International
Publication No. WO 2008/091641. In certain embodiments,
an anti-Notchl antibody that binds to one or more EGF-like
repeats of Notchl effects decreased Notchl signaling by sig-
nificantly blocking binding of ligand to Notchl.
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2. Treatment of Leukemia with a Notch1-Specific Antago-
nist

Further aspects of the invention are based, in part, on the
identification of'a class of T-ALL that is responsive to GSTand
is also responsive to a Notchl-specific antagonist, but is not
responsive to a Notch3-specific antagonist, indicating that
Notchl drives the T-ALL. In various aspects of the invention,
methods of treating a GSI-responsive cancer are provided, the
method comprising administering to a patient having such
cancer an effective amount of a Notch1-specific antagonist. In
certain embodiments, the GSI-responsive cancer is leukemia.
In certain embodiments, the GSI-responsive cancer does not
respond to a Notch3-specific antagonist, e.g., the cancer has
absent or reduced levels of activated Notch3 (e.g., as com-
pared to a comparator cell that responds to a Notch3-specific
antagonist) and/or has significantly increased levels of acti-
vated Notch1 (e.g., as compared to a comparator cell that does
not respond to a Notchl-specific antagonist).

In certain embodiments, the leukemia belongs to a class of
leukemias characterized by sensitivity to GSI and sensitivity
to a Notchl-specific antagonist. In one embodiment, the leu-
kemia is a T-cell leukemia. In one such embodiment, the
T-cell leukemia is a T-cell progenitor leukemia. In one such
embodiment, the T-cell leukemia is T-ALL. In another
embodiment, the leukemia is characterized by a Notch1 acti-
vating mutation.

In certain embodiments, a Notchl-specific antagonist is
any of those provided above. In further embodiments, a
Notch3-specific antagonist is any of those provided above.

B. Compositions and Diagnostic Methods

The invention further provides an antibody that binds acti-
vated human Notch3 ICD. In one embodiment, the antibody
binds to the peptide sequence VMVARRKREHSTLW (SEQ
IDNO:4). In one embodiment, the antibody is monoclonal. In
one embodiment, the antibody is polyclonal. The above
embodiments may be present alone or in combination.

Such an antibody is useful in diagnostic methods, e.g., to
identify patient populations suitable for treatment with a
Notch3-specific antagonist, as described above. Accordingly,
in certain embodiments, a method of identifying a cancer
suitable for treatment with an antagonist of Notch3 is pro-
vided, the method comprising determining whether Notch3 is
activated in the cancer. In one embodiment, the cancer is a
GSl-responsive cancer. In another embodiment, the cancer is
a leukemia. In another embodiment, the leukemia is a T-cell
leukemia. In one such embodiment, the T-cell leukemia is a
T-cell progenitor leukemia. In one such embodiment, the
T-cell leukemia is T-ALL.

In further embodiments, determining whether Notch3 is
activated in the cancer comprises contacting a sample of the
cancer with an antibody that binds activated Notch3 ICD, and
determining whether significantly increased levels of acti-
vated Notch3 (as reflected by levels of activated Notch3 ICD)
are present, wherein the presence of significantly increased
levels of activated Notch3 indicates that the cancer is suitable
for treatment with an antagonist of Notch3. To determine
whether significantly increased levels of activated Notch3 are
present in the sample, an appropriate comparator (positive
control) may be, e.g., a sample from a cancer known to
respond to an antagonist of Notch3. If the “test” sample and
the “control” sample contain comparable levels of activated
Notch3, then the cancer from which the “test” sample was
obtained is suitable for treatment with an antagonist of
Notch3. Another appropriate comparator (negative control)
may be, e.g., a sample from a cancer that does not to respond
to an antagonist of Notch3. If the “test” sample contains
significantly increased levels of activated Notch3 compared
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to the control sample, then the cancer from which the “test”
sample was obtained is suitable for treatment with an antago-
nist of Notch3.

In certain embodiments of the above methods, an antago-
nist of Notch3 is a Notch3-specific antagonist. In certain
embodiments, a Notch3-specific antagonist is any of those
discussed above.

III. Examples
A. T-ALL Falls into Three Classes

Previous studies have shown that T-ALL cell lines may be
sensitive or insensitive to treatment with GSI. For example,
certain T-ALL cell lines are resistant to GSI despite expres-
sion of activating Notch1 mutations, possibly due to activa-
tion of a non-Notch pathway, e.g., a pathway that circumvents
the need for Notch. (See, e.g., Palomero et al., Nat. Med.
13:1203-1210, 2007.) However, in one study, five of thirty
T-ALL cell lines were GSI-sensitive, showing cell cycle
arrest in response to GSI. (See Weng et al., Science, 306:269-
271, 2004.) The studies reported below further explored the
response of T-ALL cell lines not only to GSI, but also to
Notchl- and Notch3-specific antagonists.

Three classes of T-ALL were characterized based on their
sensitivity to GSI and to a Notchl-specific antagonist. The
Notchl-specific antagonist used in the following studies was
the anti-Notch1 NRR antibody, “Antibody A-2,” the isolation
and characterization of which are discussed in U.S. Patent
Application Publication No. US 2009/0081238 A1l. For con-
venience, “Antibody A-2” is referred to herein as “anti-
NRR1,” and is also referred to as “a-Notchl,” “aNotchl,” or
“a-N17 in the figures.

FIGS. 3-5 presents the classification of three representative
human T-ALL cell lines. Those cell lines include the P-12
Ichikawa cell line, the HPB-ALL cell line, and the TALL-1
cell line. The cells were grown for eight days in control
conditions (DMSO alone (the vehicle for DAPT) or anti-gD
(an isotype control antibody)); in the presence of the gamma-
secretase inhibitor, DAPT (5 uM); or in the presence of anti-
NRRI1 (5 pg/ml). The cells were fixed, stained with propidium
iodide and prepared for FACS to analyze the cell cycle status,
according to standard procedures. Growth sensitivity was
assessed by examining whether a given treatment caused an
increase in the percentage of cells in GO/G1 with a corre-
sponding decrease in the percentage of cells in S/G2/M. The
results show that P-12 Ichikawa cells are resistant to both
DAPT and anti-NRR1 (FIG. 3A-3D), with no significant
difference in cell cycle status among DAPT-treated, anti-
NRR1-treated, and control (DMSO- and anti-gD-treated)
cells. HPB-ALL cells are sensitive to both DAPT and anti-
NRRI1 (FIG. 4A-4D), with DAPT- and anti-NRR1-treated
cells showing about 78% and 76% of cells in GO/G1, respec-
tively, compared to about 33-34% of the control cells.
TALL-1 cells are sensitive to DAPT but resistant to anti-
NRRI1 (FIG. 5A-5D), with about 87% of DAPT-treated cells
in G0/G1, compared to about 55% of anti-NRR 1-treated cells
and about 53-54% of control cells. It is noted that Notchl is
not mutated in TALL-1 cells. Further studies revealed that a
fourth cell line, CCRF-CEM, fell into the same class as P-12
Ichikawa cells (i.e., resistant to both GSI and anti-NRR1).
(Data not shown and FIG. 10.)

As shown in FIG. 6, cell size measurements reflect these
three classes of T-ALL. The P-12 Ichikawa cell line, the
HPB-ALL cell line, and the TALL-1 cell line were grown for
approximately one week in control conditions (DMSO alone
(the vehicle for DAPT) or anti-gD (an isotype control anti-



US 9,200,071 B2

25

body)); in the presence of the gamma-secretase inhibitor,
DAPT (5 uM); or in the presence of anti-NRR1 (5 pg/ml).
Cell diameter was measured using a cell counter (Vi-Cell,
Beckman Coulter). Consistent with the growth inhibition
studies, the P-12 Ichikawa line is resistant to both DAPT and
anti-NRR1, as indicated by relatively consistent cell diameter
among treated and control cells. HPB-ALL is sensitive to
both DAPT and anti-NRR1, as indicated by the significantly
smaller size of cells treated with those agents, respectively.
TALL-1 is sensitive to DAPT but resistant to anti-NRR1, as
indicated by the significantly smaller size of cells treated with
DAPT but not with anti-NRR1 or control agents. These
results are consistent with the growth studies described
above.

As shown in FIG. 7, apoptosis measurements also reflect
these three classes of T-ALL. The P-12 Ichikawa cell line, the
HPB-ALL cell line, and the TALL-1 cell line were treated as
described above for FIG. 6. The cells were analyzed by FACS,
with staining for 7-AAD (cell death marker) on the x-axis of
FIG. 7, and staining for Annexin V (marker for apoptosis) on
the y-axis of FIG. 7. Based on the percentage of cells in the
double positive population, treatment with either DAPT or
anti-NRR1 increases apoptotic cell death in HPB-ALL cells.
In contrast, P-12 Ichikawa cells are resistant to both treat-
ments, whereas TALL-1 cells are sensitive to DAPT but not to
anti-NRR1. These results are consistent with the growth stud-
ies and cell diameter measurements described above.

As shown in FIG. 8, the results of a cell proliferation assay
also reflect these three classes of T-ALL. The P-12 Ichikawa
cell line, the HPB-ALL cell line, and the TALL-1 cell line
were treated as described above for FIG. 6. The cells were
analyzed by FACS using Ki-67 staining to mark proliferation
(left panel). A shift in the FACS peak to the left indicates
lower staining for Ki-67 and decreased proliferation, and
conversely, a shift in the FACS peak to the right indicates
higher staining for Ki-67 and increased proliferation. Based
on this proliferation assay, HPB-ALL was sensitive to both
DAPT and anti-NRR1, TALL-1 was sensitive to DAPT but
not anti-NRR1, and P-12 Ichikawa cells were resistant to
both. Again, these results are consistent with those from the
other assays described above, as well as apoptosis measure-
ments shown in the right panel of FIG. 8. That panel shows
cell counts for Annexin V/7-AAD double negative (non-apo-
ptotic) cells. Low cell counts (i.e., low numbers of Annexin
V/7-AAD double negative (non-apoptotic) cells) indicate
increased apoptosis, which in turn correlate with decreased
proliferation in the left hand panel.

B. GSI-Responsive, Anti-NRR1 Resistant TALL-1
Cells are Partially Sensitive to Anti-NRR3

As described above, two of the three classes of T-ALL,
represented by HPB-ALL and TALL-1, are both sensitive to
GSI but differ in that the former is sensitive to anti-NRR1,
whereas the latter is not. Because sensitivity to GSI suggests
a role for one or more Notch receptors, we asked whether a
Notch receptor in addition to or in the alternative to Notchl
plays a role in the resistance of the latter class of T-ALL to
anti-Notchl NRR. To address this question, CCRF-CEM
cells, HPB-ALL cells, and TALL-1 cells were treated as
described for FIGS. 3-5, except that a Notch3-specific
antagonist was also included at 10 pg/ml in a subset of the
treatments to test whether growth depended on Notch3 sig-
naling. The Notch3-specific antagonist used in these studies
was mouse anti-human Notch3 monoclonal antibody 256 A-
4, the isolation and characterization of which are discussed in
U.S. Patent Application Publication No. US 2008/0226621
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Al. For convenience, 256A-4 is referred to herein as “anti-
NRR3,” and is also referred to as “a-N3” in the figures.

The results indicate that growth of TALL-1 is partially
sensitive to anti-NRR3 and even more sensitive to anti-NRR1
plus anti-NRR3 (see FIG. 9A-9F), suggesting that signaling
through Notch3 as well as Notchl explains why the line is
sensitive to DAPT but not to anti-NRR 1. Specifically, nearly
83% of TALL-1 cells were in GO/G1 after DAPT treatment,
compared to about 53-54% for the control (DMSO- or a--gD-
treated) cells. Treatment with anti-NRR3 resulted in about
61% of the cells in GO/G1, and addition of anti-NRR1
increased this figure to about 68%. In contrast, CCRF-CEM
appears resistant to all of the tested treatments (FIG. 10A-
10F), each showing from about 52-57% ofthe cells in GO/G1.
HBP-ALL appears sensitive to both DAPT and anti-NRR1
treatment (each showing about 67% of cells in G0/G1), but
not anti-NRR3 treatment (showing about 37% of cells in
GO0/G1) (FIG. 11A-11F).

The results of the above experiment in FIG. 9B-9F are
replotted in FIG. 14. The TALL-1 cell cultures started with
approximately 5x10° cells/ml, and the y-axis is the number of
cells/ml, in millions of cells, after treatment under the indi-
cated conditions and as described for FIG. 9B-9F. FIG. 14
shows that anti-NRR1 and anti-NRR3 each individually
resulted in lower cell counts. However the combination of
anti-NRR1 and anti-NRR3 had a more pronounced effect in
lowering cell counts, approaching the levels seen with DAPT.

C. Notch3 is Activated in Anti-NRR3-Sensitive Cells

To investigate the activation status of Notch3 in the three
classes of T-ALL, a new anti-Notch3 ICD antibody was
developed which recognizes cleaved (i.e., activated) Notch3
ICD. Using standard procedures, rabbit polyclonal antibodies
were raised against a peptide corresponding to the N-termi-
nus of the Notch3 ICD that is expected to result from gamma-
secretase cleavage at the site S3. The peptide sequence used
was: VMVARRKREHSTLW (SEQ ID NO:4). The peptide
was conjugated to BSA for the immunizations. Polyclonal
antibodies were purified on a protein A column and then used
for immunoblotting, as shown in FIG. 12. To test whether the
antibody recognized nuclear, cleaved Notch3 ICD, the basal
breast cancer cell line MDA-MB-468 was used. This line
expresses high levels of Notch3. Cells were treated with
immobilized Jagl (R&D Systems) (or Fc as a control) to
induce Notch signaling, and cytoplasmic (C) and nuclear (N)
fractions were isolated at the indicated times following induc-
tion. As a control to examine the level of Notch3 ICD present
without Jagl induction, cells that were not induced were
treated with DAPT (5 uM), DMSO (vehicle for DAPT) or the
proteasome inhibitor M(GG132 to stabilize the Notch3 ICD, as
indicated. CREB and tubulin served as markers for nuclear
and cytoplasmic proteins, respectively. The results in FIG. 12
show that the anti-Notch3 ICD antibody recognizes a band of
the expected size that is localized to the nucleus and induced
by Jagl.

This new anti-Notch3 ICD antibody was then used to
investigate the activation status of Notch3 in the three classes
of T-ALL. As shown in FIG. 13, nuclear fractions of P12-
Ichikawa, HPB-ALL, and TALL-1 cells were immunoblotted
with anti-Notchl Vall744, a commercially available poly-
clonal antibody that recognizes cleaved, activated Notchl
ICD (Cell Signaling Technologies) (upper panel), or with the
anti-Notch3 ICD antibody (a-N3 ICD Y935, lower panel).
3T3 cells expressing Notchl (3T3-N1) and MDA-MB-468
(MB468) cells were used as controls. Consistent with the
growth inhibition studies described in the previous figures,
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TALL-1 expresses high levels of activated Notch3 but not
activated Notchl (compare TALL-1 lanes in lower and upper
panels, respectively). Furthermore, production of activated
Notch3 in TALL-1 could be blocked by DAPT but not anti-
NRRI1 (lower panel). Moreover, as expected, HPB-ALL cells
express high levels of activated Notch1, which can be blocked
by DAPT or anti-NRR1 antibody (see HPB-ALL lanes in
upper panel). As to the controls, activated Notch1 is seen as a
lighter, up-shifted band in the 3T3-N1 cells treated with
Jagged (+jag) (upper panel). Additionally, activated Notch3 is
seen as a faint but detectable band in the MDA-MB-468 cells

5

28
treated with an anti-Notch3 agonist antibody (A13, described
in U.S. Patent Application Publication US 2008/0118520 A1
as 256A-13) in the absence of DAPT (lower panel).

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, the descriptions and examples
should notbe construed as limiting the scope of the invention.
The disclosures of all patent and scientific literatures cited
herein are expressly incorporated in their entirety by refer-
ence.
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<210>
<211>
<212>
<213>

<400>

SEQUENCE:

Met Pro Pro Leu

1

Leu

Gly
Ser
65

Gly

Leu

Cys

Ala

145

Ser

Gln

Gly

Thr

Ser
225

Val

Gly

Ala

Gly

Gly

50

Thr

Val

Cys

Gly

Pro

130

Ser

Tyr

Asp

Thr

His

210

Pro

Glu

Ile

Asp

Gln

Ala

Gly

Ala

Pro

Ala

Leu

Gly

115

Pro

Asn

Ile

Val

Cys

195

Thr

Cys

Cys

Asp

Gly

275

Tyr

Arg

20

Lys

Phe

Cys

Asp

Thr

100

Thr

Gly

Pro

Cys

Asn

180

His

Gly

Gln

Ala

Asp

260

Val

Cys

SEQ ID NO 1
LENGTH:
TYPE: PRT
ORGANISM:

2555

Homo sapiens

1

Leu

Gly

Cys

Val

Lys

Tyr

85

Pro

Cys

Trp

Cys

His

165

Glu

Asn

Pro

Asn

Cys

245

Cys

Asn

Thr

Ala

Pro

Glu

Gly

Asn

70

Ala

Leu

Asp

Ser

Ala

150

Cys

Cys

Glu

Asn

Gly

230

Leu

Pro

Thr

Glu

NUMBER OF SEQ ID NOS:

Pro

Arg

Ala

Pro

55

Ala

Cys

Asp

Leu

Gly

135

Asn

Pro

Gly

Val

Cys

215

Gly

Pro

Gly

Tyr

Asp

4

Leu

Cys

Ala

40

Arg

Gly

Ser

Asn

Leu

120

Lys

Gly

Pro

Gln

Gly

200

Glu

Thr

Gly

Asn

Asn

280

Val

SEQUENCE LISTING

Leu

Ser

25

Asn

Cys

Thr

Cys

Ala

105

Thr

Ser

Gly

Ser

Lys

185

Ser

Arg

Cys

Phe

Asn

265

Cys

Asp

Cys

10

Gln

Gly

Gln

Cys

Ala

90

Cys

Leu

Cys

Gln

Phe

170

Pro

Tyr

Pro

Arg

Thr

250

Cys

Arg

Glu

Leu

Pro

Thr

Asp

His

75

Leu

Leu

Thr

Gln

Cys

155

His

Gly

Arg

Tyr

Pro

235

Gly

Lys

Cys

Cys

Ala

Gly

Glu

Pro

60

Val

Gly

Thr

Glu

Gln

140

Leu

Gly

Leu

Cys

Val

220

Thr

Gln

Asn

Pro

Gln

Leu

Glu

Ala

Asn

Val

Phe

Asn

Tyr

125

Ala

Pro

Pro

Cys

Val

205

Pro

Gly

Asn

Gly

Pro

285

Leu

Leu

Thr

30

Cys

Pro

Asp

Ser

Pro

110

Lys

Asp

Phe

Thr

Arg

190

Cys

Cys

Asp

Cys

Gly

270

Glu

Met

Pro

15

Cys

Val

Cys

Arg

Gly

95

Cys

Cys

Pro

Glu

Cys

175

His

Arg

Ser

Val

Glu

255

Ala

Trp

Pro

Ala

Leu

Cys

Leu

Arg

80

Pro

Arg

Arg

Cys

Ala

160

Arg

Gly

Ala

Pro

Thr

240

Glu

Cys

Thr

Asn
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30

Ala

305

Cys

Asp

Arg

Leu

Ser

385

Pro

Ser

Leu

Cys

Ala

465

Gly

Ser

Gln

Asp

545

Thr

Tyr

Pro

Ser

Tyr

625

Asn

Asp

Ser

Asn

Pro
705

290

Cys

Val

Asp

Val

Cys

370

Asn

Ser

Leu

Gly

Glu

450

Thr

Tyr

Pro

Cys

Asp

530

Gly

His

Gly

Gly

Gln

610

Leu

Leu

Lys

Met

Gly
690

Glu

Gln

Cys

Cys

Ala

355

His

Cys

Gly

Gly

Ser

435

Ile

Cys

Glu

Cys

Glu

515

Glu

Pro

Cys

Ser

Tyr

595

Pro

Cys

Asp

Ile

Cys
675

Gly

Gly

Asn

Val

Ala

340

Ser

Leu

Asp

Tyr

Ala

420

Phe

Asp

Leu

Gly

Leu

500

Cys

Cys

Asn

Glu

Cys

580

Thr

Cys

Phe

Asp

Asp

660

Asn

Thr

Tyr

Gly

Asn

325

Ser

Phe

Asn

Thr

Thr

405

Asn

Glu

Val

Asp

Val

485

His

Pro

Ala

Thr

Val

565

Lys

Gly

Arg

Cys

Cys

645

Gly

Ile

Cys

His

Gly

310

Gly

Ala

Tyr

Asp

Asn

390

Gly

Pro

Cys

Asn

Gln

470

His

Asn

Thr

Ser

Tyr

550

Asp

Asp

His

His

Leu

630

Ala

Tyr

Asn

Glu

Asp
710

295

Thr

Trp

Ala

Cys

Ala

375

Pro

Pro

Cys

Gln

Glu

455

Ile

Cys

Gly

Gly

Thr

535

Thr

Ile

Gly

His

Gly

615

Lys

Ser

Glu

Ile

Asp
695

Pro

Cys

Thr

Cys

Glu

360

Cys

Val

Ala

Glu

Cys

440

Cys

Gly

Glu

Arg

Phe

520

Pro

Cys

Asp

Val

Cys

600

Gly

Gly

Ser

Cys

Asp

680

Gly

Thr

His

Gly

Phe

345

Cys

Ile

Asn

Cys

His

425

Leu

Val

Glu

Val

Cys

505

Thr

Cys

Val

Glu

Ala

585

Glu

Thr

Thr

Pro

Ala
665
Glu

Ile

Cys

Asn

Glu

330

His

Pro

Ser

Gly

Ser

410

Ala

Gln

Ser

Phe

Asn

490

Leu

Gly

Lys

Cys

Cys

570

Thr

Thr

Cys

Thr

Cys

650

Cys

Cys

Asn

Leu

Thr

315

Asp

Gly

His

Asn

Lys

395

Gln

Gly

Gly

Asn

Gln

475

Thr

Asp

His

Asn

Thr

555

Asp

Phe

Asn

Gln

Gly

635

Asp

Glu

Ala

Gly

Ser
715

300

His

Cys

Ala

Gly

Pro

380

Ala

Asp

Lys

Tyr

Pro

460

Cys

Asp

Lys

Leu

Gly

540

Glu

Pro

Thr

Ile

Asp

620

Pro

Ser

Pro

Gly

Phe
700

Glu

Gly

Ser

Thr

Arg

365

Cys

Ile

Val

Cys

Thr

445

Cys

Ile

Glu

Ile

Cys

525

Ala

Gly

Asp

Cys

Asn

605

Arg

Asn

Gly

Gly

Asn
685

Thr

Val

Gly

Glu

Cys

350

Thr

Asn

Cys

Asp

Ile

430

Gly

Gln

Cys

Cys

Asn

510

Gln

Lys

Tyr

Pro

Leu

590

Glu

Asp

Cys

Thr

Tyr
670
Pro

Cys

Asn

Tyr

Asn

335

His

Gly

Glu

Thr

Glu

415

Asn

Pro

Asn

Met

Ala

495

Glu

Tyr

Cys

Thr

Cys

575

Cys

Cys

Asn

Glu

Cys

655

Thr

Cys

Arg

Glu

Asn

320

Ile

Asp

Leu

Gly

Cys

400

Cys

Thr

Arg

Asp

Pro

480

Ser

Phe

Asp

Leu

Gly

560

His

Arg

Ser

Ala

Ile

640

Leu

Gly

His

Cys

Cys
720
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-continued

Asn Ser Asn Pro Cys Val His Gly Ala Cys Arg Asp Ser Leu Asn Gly
725 730 735

Tyr Lys Cys Asp Cys Asp Pro Gly Trp Ser Gly Thr Asn Cys Asp Ile
740 745 750

Asn Asn Asn Glu Cys Glu Ser Asn Pro Cys Val Asn Gly Gly Thr Cys
755 760 765

Lys Asp Met Thr Ser Gly Tyr Val Cys Thr Cys Arg Glu Gly Phe Ser
770 775 780

Gly Pro Asn Cys Gln Thr Asn Ile Asn Glu Cys Ala Ser Asn Pro Cys
785 790 795 800

Leu Asn Gln Gly Thr Cys Ile Asp Asp Val Ala Gly Tyr Lys Cys Asn
805 810 815

Cys Leu Leu Pro Tyr Thr Gly Ala Thr Cys Glu Val Val Leu Ala Pro
820 825 830

Cys Ala Pro Ser Pro Cys Arg Asn Gly Gly Glu Cys Arg Gln Ser Glu
835 840 845

Asp Tyr Glu Ser Phe Ser Cys Val Cys Pro Thr Gly Trp Gln Gly Gln
850 855 860

Thr Cys Glu Val Asp Ile Asn Glu Cys Val Leu Ser Pro Cys Arg His
865 870 875 880

Gly Ala Ser Cys Gln Asn Thr His Gly Gly Tyr Arg Cys His Cys Gln
885 890 895

Ala Gly Tyr Ser Gly Arg Asn Cys Glu Thr Asp Ile Asp Asp Cys Arg
900 905 910

Pro Asn Pro Cys His Asn Gly Gly Ser Cys Thr Asp Gly Ile Asn Thr
915 920 925

Ala Phe Cys Asp Cys Leu Pro Gly Phe Arg Gly Thr Phe Cys Glu Glu
930 935 940

Asp Ile Asn Glu Cys Ala Ser Asp Pro Cys Arg Asn Gly Ala Asn Cys
945 950 955 960

Thr Asp Cys Val Asp Ser Tyr Thr Cys Thr Cys Pro Ala Gly Phe Ser
965 970 975

Gly Ile His Cys Glu Asn Asn Thr Pro Asp Cys Thr Glu Ser Ser Cys
980 985 990

Phe Asn Gly Gly Thr Cys Val Asp Gly Ile Asn Ser Phe Thr Cys Leu
995 1000 1005

Cys Pro Pro Gly Phe Thr Gly Ser Tyr Cys Gln His Asp Val Asn
1010 1015 1020

Glu Cys Asp Ser Gln Pro Cys Leu His Gly Gly Thr Cys Gln Asp
1025 1030 1035

Gly Cys Gly Ser Tyr Arg Cys Thr Cys Pro Gln Gly Tyr Thr Gly
1040 1045 1050

Pro Asn Cys Gln Asn Leu Val His Trp Cys Asp Ser Ser Pro Cys
1055 1060 1065

Lys Asn Gly Gly Lys Cys Trp Gln Thr His Thr Gln Tyr Arg Cys
1070 1075 1080

Glu Cys Pro Ser Gly Trp Thr Gly Leu Tyr Cys Asp Val Pro Ser
1085 1090 1095

Val Ser Cys Glu Val Ala Ala Gln Arg Gln Gly Val Asp Val Ala
1100 1105 1110

Arg Leu Cys Gln His Gly Gly Leu Cys Val Asp Ala Gly Asn Thr
1115 1120 1125
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34

Asp

Thr

Gly

Ser

Thr

Glu

Arg

Gly

Cys

Arg

Glu

Asn

Gly

Ser

Ser

Gln

Asn

Cys

Asp

Leu

Gly

Trp

Asn

Phe

His
1130

Leu
1145

Cys
1160

Tyr
1175

His
1190

Tyr
1205

Ile
1220

Ser
1235

Gly
1250

Glu
1265

Gly
1280

Cys
1295

Gly
1310

Ala
1325

Phe
1340

Leu
1355

Pro
1370

Phe
1385

Gln
1400

Leu
1415

Tyr
1430

Ile
1445

Asn
1460

Asp
1475

Cys
1490

Cys
1505

Asp

Cys

Val

Thr

His

Pro

Lys

Asn

Pro

Tyr

Gly

Thr

Arg

Cys

Ser

Glu

Arg

Thr

Pro

Gly

Cys

Ser

Glu

Lys

Gly

Thr

Asp

Cys

Arg

Asp

Asp

Gly

Cys

Cys

Val

Lys

Ser

Asp

Gln

Ala

Lys

Asn

Gly

Cys

Cys

Ala

Thr

Pro

Phe

Glu

Val

Gly

Gln

Ser

Gln

Cys

Glu

Tyr

Val

Gln

Ser

Asp

Cys

Cys

Val

Asn

Gly

Gly

Thr

Ala

Leu

Leu

Ser

Cys

Ala

Gly

Ala

Cys

Asp

Ser

Gln

Arg

Gln

Cys

Leu

Asn

Asn

Cys

Asp

Phe

Thr

Asn

Cys

His

Lys

Ala

Thr

Asn

Cys

Ser

Glu

Lys

Gly

Cys

Ser

Cys

Leu

Cys

Ala

Ala
1135

Ser
1150

Gly
1165

Cys
1180

Gly
1195

Pro
1210

Cys
1225

Asn
1240

Cys
1255

Glu
1270

Val
1285

Thr
1300

Pro
1315

Arg
1330

Cys
1345

Gly
1360

Leu
1375

Pro
1390

Pro
1405

Phe
1420

Gly
1435

Glu
1450

Leu
1465

Ser
1480

Gln
1495

Asn
1510

Glu

Gly

Pro

Gly

Ser

Gly

Arg

Asn

Asn

Pro

Cys

Gln

Gly

Cys

Gly

Glu

Gly

Gly

Cys

Thr

Asn

Ala

Leu

Gln

Leu

Cys

Ser

Gly

Tyr

Ser

Tyr

Glu

Thr

Gly

Pro

Gly

Pro

Leu

Arg

Arg

Lys

Phe

Asn

Thr

Pro

Leu

Ser

Gly

Gly

Pro

Cys

Asn

Trp

Ala

Gln

Thr

Pro

Ser

Glu

Cys

Thr

Pro

Thr

Gly

Ser

Val

Arg

Asn

Ile

Asp

Cys

Phe

Gly

Glu

Leu

Arg

Glu

Asn

Phe

Lys

Gly

Cys

Gly

Cys

Cys

Ile

Leu

Gln

Val

Cys

Phe

Asn

Asn

Cys

Gly

Cys

Ala

Ile

Thr

Gly

Ser

Leu

Asp

Cys

Asn

Asn

Tyr

Cys

Asn

Ser
1140

Gln
1155

Lys
1170

Asp
1185

Asp
1200

Gly
1215

Asp
1230

Val
1245

Val
1260

Pro
1275

Asp
1290

Glu
1305

Gly
1320

Lys
1335

Arg
1350

Ser
1365

Gly
1380

Asn
1395

Pro
1410

Cys
1425

Ile
1440

Gln
1455

His
1470

Asp
1485

Phe
1500

Leu
1515

Pro

Tyr Cys Glu

Asn

Cys

Glu

Leu

Val

Pro

Asp

Gly

Cys

Phe

Ser

Thr

Cys

Thr

Gly

Pro

Pro

Phe

His

Pro

Glu

Ala

Pro

Ser

Phe

Leu

Gly

Val

Cys

Pro

His

Val

Gln

Glu

Asp

His

Val

Cys

Pro

Cys

Pro

Glu

Cys

Tyr

Ile

Pro

Asp

Cys

Trp

Asp

Asp

Tyr

Ala

Ala

Leu

Asn

Cys

Ser

Val

Arg

Ala

Cys

Ile

Ala

Ala

Gly

Arg

Cys

Tyr

Arg

Leu

Pro

Ala

Gly

Lys

Gly

Gly

Asp
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36

Gln

Cys

Leu

Arg

Asp

Glu

Ala

Pro

Met

Gln

Ile

Pro

Phe

Lys

Lys

Glu

Ala

Glu

Leu

Asp

Gln

Pro

Gly

1520

Tyr
1535

Asn
1550

Val
1565

Met
1580

Glu
1595

Ala
1610

Glu
1625

Ala
1640

Gly
1655

Asp
1670

Cys
1685

Ala
1700

Pro
1715

Pro
1730

Val
1745

Arg
1760

Val
1775

Asp
1790

Leu
1805

Thr
1820

Asp
1835

Ala
1850

Gly
1865

Asp
1880

Leu
1895

Ile
1910

Cys

Ser

Pro

Pro

Leu

His

Leu

Pro

Gly

Val

Val

Ala

Tyr

Pro

Leu

Arg

Ser

Ser

Met

Lys

Asp

Ala

Glu

Gly

Glu

Ser

Lys

Ala

Glu

Pro

Ser

Gly

Arg

Asp

Ser

Arg

Gln

Phe

Lys

Ala

Leu

Arg

Glu

Val

Asp

Lys

Gln

Asp

Val

Phe

Thr

Asp

Asp

Glu

Arg

Glu

Arg

Gln

Lys

Ala

Glu

Gly

Ala

Leu

Ile

Gln

Phe

Gln

Ala

Gly

Asp

Phe

Thr

Leu

Asp

Thr

Gly

Phe

His

Cys

Leu

Gln

Val

Gln

His

Leu

Gly

Ser

Ser

Gly

Glu

Leu

Phe

His

Ser

Leu

Asn

Arg

Asp

Arg

Ala

Pro

Asn

Ile

1525

Phe
1540

Glu
1555

Ala
1570

Leu
1585

Leu
1600

Met
1615

Pro
1630

Leu
1645

Gly
1660

Ile
1675

Ser
1690

Ala
1705

Ala
1720
His
1735

Val
1750

Gly
1765

Lys
1780

Lys
1795

Gln
1810

Phe
1825
His
1840

Met
1855

Asp
1870

Leu
1885

Ser
1900

Tyr
1915

Ser

Trp

Ala

Arg

His

Ile

Ile

Gly

Arg

Val

Gln

Leu

Val

Phe

Gly

Gln

Lys

Pro

Asn

Glu

Arg

Ser

Cys

Met

Glu

Gln

Asp

Asp

Gly

Asn

Thr

Phe

Lys

Gln

Arg

Tyr

Cys

Ala

Gln

Met

Cys

Leu

Lys

Leu

Glu

Glu

Gln

Ala

Met

Ile

Glu

Gly

Gly

Gly

Thr

Ser

Asn

Pro

Arg

Val

Arg

Leu

Phe

Ser

Ser

Tyr

Gly

Trp

Arg

Lys

Trp

Pro

Trp

Met

Asp

Ala

Glu

Ala

His

Leu

Leu

Ser

Val

Tyr

Ala

Lys

Arg

Glu

Gln

Leu

Glu

Val

Val

Phe

Arg

Asn

Gly

Val

Thr

Ala

Val

Ser

Glu

Ser

1530

Cys
1545

Asp
1560

Val
1575

Phe
1590

Val
1605

Tyr
1620

Ala
1635

Ala
1650

Glu
1665

Ile
1680

Ser
1695

Gly
1710

Thr
1725

Ala
1740

Leu
1755

Pro
1770

Glu
1785

Ala
1800

Asp
1815

Val
1830

Gln
1845

Pro
1860

Asn
1875

Cys
1890

Asp
1905

Leu
1920

Asp

Cys

Val

Phe

Gly

Glu

Ser

Leu

Asp

Ala

Ser

Val

Ala

Leu

Glu

Pro

Ser

Glu

Leu

Gln

Thr

Val

Ser

Ala

His

Gln

Ala

Val

Phe

Lys

Arg

Gly

Leu

Asp

Asn

Thr

Leu

Glu

Ala

Ser

Gly

Leu

Asp

Asp

Pro

His

Pro

Arg

Gly

Pro

Asn

Gly

Glu

Val

Leu

Arg

Glu

Trp

Leu

Pro

Arg

Asp

Asn

Pro

Ala

Arg

Phe

Gly

Gly

Leu

Asp

Leu

Pro

Gly

Gly

Ala

Gln
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38

Thr

Ser

Ala

Arg

Leu

Leu

Lys

Ala

Asn

Tyr

Ile

Arg

Thr

Leu

Lys

Arg

Ser

Tyr

Gln

Asp

Glu

Gly

Thr

Gly

Asp
1925

Arg
1940

Asn
1955

Ser
1970

Ala
1985

Ile
2000

Ile
2015

Ser
2030

Val
2045

Arg
2060

Glu
2075

Thr
2090

Met
2105

Arg
2120

Leu
2135

Lys
2150

Gly
2165

Arg
2180

Gly
2195

Leu
2210

Gln
2225

Thr
2240

Met
2255

Pro
2270

Val
2285

Gly
2300

Arg

Ser

Ile

Ala

Thr

Leu

Asn

Ala

Val

Glu

Thr

Asp

His

Ser

Ser

Pro

Leu

Lys

Met

Ser

Ser

Ala

Pro

Leu

Ser

Thr

Asp

Gln

Asp

Asp

Ala

Ser

Leu

Leu

Glu

Ala

His

His

Pro

Pro

Gly

Ala

Lys

Leu

Asp

Pro

Leu

Ala

Arg

Gly

Thr

Gly

Ala

Asp

Ala

Leu

Ala

His

His

Leu

Thr

Lys

Met

Asp

Gln

Pro

Val

Cys

Ser

Ser

Val

Ser

Gly

Leu

Leu

Ser

Ser

Glu

Ala

Asn

Gln

Asp

Arg

Ala

Trp

Lys

Pro

Val

Asp

Ile

Leu

Leu

Gln

Gly

Gln

Pro

Ala

Val

Ile

Gly

Ser

Ser

Leu

Thr
1930

Lys
1945

Met
1960

Gly
1975

Ala
1990

Leu
2005

Asp
2020

Ala
2035

Asn
2050

Leu
2065

Leu
2080

Arg
2095

Val
2110
His
2125

Cys
2140

Gly
2155

Ser
2170

Asp
2185

Val
2200

Ser
2215

Pro
2230

Gly
2245

Gly
2260
His
2275

Ser
2290

Asn
2305

Ala

Arg

Gly

Val

Arg

Ala

Val

Ala

Gly

Phe

Leu

Leu

Arg

Gly

Ser

Lys

Lys

Gly

Asp

Pro

Leu

His

Gly

Leu

Gly

Gly

Leu

Leu

Arg

Phe

Met

Val

Asn

Ala

Ala

Leu

Asp

Pro

Leu

Ala

Pro

Lys

Glu

Lys

Ser

Pro

Asn

Leu

Gly

Pro

Gly

Gln

His

Leu

Thr

Gln

His

Glu

Ala

Val

Asn

Ala

His

Arg

Leu

Pro

Asn

Val

Ala

Gly

Leu

Leu

His

Asn

Arg

Val

Ala

Cys

Leu

Glu

Pro

Ile

Asp

Gly

Val

Asn

Lys

Ala

Phe

Asp

Asp

Leu

Gly

Arg

Lys

Cys

Glu

Leu

Leu

Val

Leu

Ala

Leu

Glu

Ala
1935

Ala
1950

Leu
1965

Leu
1980

Gly
1995

Met
2010

Asp
2025

Asn
2040

Asp
2055

Arg
2070

Ala
2085

Ile
2100

Glu
2115

Gly
2130

Tyr
2145

Lys
2160

Asp
2175

Leu
2190

Ser
2205

Pro
2220

Pro
2235

Ala
2250

Ala
2265

Ser
2280

Asn
2295

Trp
2310

Ala

Ser

His

Ile

Thr

Leu

Asp

Val

Met

Glu

Asn

Ala

Tyr

Gly

Leu

Pro

Leu

Leu

Pro

Ser

Gly

Ala

Phe

Gly

Phe

Leu

Arg

Ala

Ala

Arg

Thr

Glu

Leu

Asp

Gln

Gly

Arg

Gln

Asn

Thr

Gly

Ser

Lys

Asp

His

Pro

Met

Lys

Glu

Thr

Thr

Ser

Tyr

Asp

Ala

Asn

Pro

Asp

Gly

Ala

Asn

Ser

Asp

Glu

Leu

Pro

Ser

Ser

Ala

Ser

Gly

Phe

Pro

Pro

Thr

Ser

Val

Arg
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Leu Gln Ser Gly Met Val Pro Asn Gln Tyr Asn Pro Leu Arg Gly
2315 2320 2325

Ser Val Ala Pro Gly Pro Leu Ser Thr Gln Ala Pro Ser Leu Gln
2330 2335 2340

His Gly Met Val Gly Pro Leu His Ser Ser Leu Ala Ala Ser Ala
2345 2350 2355

Leu Ser Gln Met Met Ser Tyr Gln Gly Leu Pro Ser Thr Arg Leu
2360 2365 2370

Ala Thr Gln Pro His Leu Val Gln Thr Gln Gln Val Gln Pro Gln
2375 2380 2385

Asn Leu GIln Met Gln Gln Gln Asn Leu Gln Pro Ala 2Asn Ile Gln
2390 2395 2400

Gln Gln Gln Ser Leu Gln Pro Pro Pro Pro Pro Pro Gln Pro His
2405 2410 2415

Leu Gly Val Ser Ser Ala Ala Ser Gly His Leu Gly Arg Ser Phe
2420 2425 2430

Leu Ser Gly Glu Pro Ser Gln Ala Asp Val Gln Pro Leu Gly Pro
2435 2440 2445

Ser Ser Leu Ala Val His Thr Ile Leu Pro Gln Glu Ser Pro Ala
2450 2455 2460

Leu Pro Thr Ser Leu Pro Ser Ser Leu Val Pro Pro Val Thr Ala
2465 2470 2475

Ala Gln Phe Leu Thr Pro Pro Ser Gln His Ser Tyr Ser Ser Pro
2480 2485 2490

Val Asp Asn Thr Pro Ser His Gln Leu Gln Val Pro Glu His Pro
2495 2500 2505

Phe Leu Thr Pro Ser Pro Glu Ser Pro Asp Gln Trp Ser Ser Ser
2510 2515 2520

Ser Pro His Ser Asn Val Ser Asp Trp Ser Glu Gly Val Ser Ser
2525 2530 2535

Pro Pro Thr Ser Met Gln Ser Gln Ile Ala Arg Ile Pro Glu Ala
2540 2545 2550

Phe Lys
2555

<210> SEQ ID NO 2

<211> LENGTH: 2531

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 2

Met Pro Arg Leu Leu Thr Pro Leu Leu Cys Leu Thr Leu Leu Pro Ala
1 5 10 15

Leu Ala Ala Arg Gly Leu Arg Cys Ser Gln Pro Ser Gly Thr Cys Leu
20 25 30

Asn Gly Gly Arg Cys Glu Val Ala Asn Gly Thr Glu Ala Cys Val Cys
35 40 45

Ser Gly Ala Phe Val Gly Gln Arg Cys Gln Asp Ser Asn Pro Cys Leu
50 55 60

Ser Thr Pro Cys Lys Asn Ala Gly Thr Cys His Val Val Asp His Gly
65 70 75 80

Gly Thr Val Asp Tyr Ala Cys Ser Cys Pro Leu Gly Phe Ser Gly Pro
85 90 95

Leu Cys Leu Thr Pro Leu Asp Asn Ala Cys Leu Ala Asn Pro Cys Arg
100 105 110
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Cys

Ala

145

Ser

Gln

Gly

Thr

Ser

225

Asn

Gly

Ala

305

Cys

Asp

Arg

Leu

Ser

385

Pro

Ala

Leu

Cys

Ala
465
Gly

Ser

Gln

Gly

Pro

130

Ser

Tyr

Asp

Thr

His

210

Pro

Glu

Val

Asp

Gln

290

Cys

Val

Asp

Val

Cys

370

Asn

Ser

Leu

Gly

Glu

450

Thr

Tyr

Pro

Cys

Gly

115

Pro

Asn

Ile

Val

Cys

195

Thr

Cys

Cys

Asp

Gly

275

Tyr

Gln

Cys

Cys

Ala

355

His

Cys

Gly

Gly

Ser

435

Ile

Cys

Glu

Cys

Gln
515

Thr

Gly

Pro

Cys

Asn

180

His

Gly

Gln

Ala

Asp

260

Val

Cys

Asn

Val

Ala

340

Ser

Leu

Asp

Tyr

Ala

420

Phe

Asp

Leu

Gly

Leu
500

Cys

Cys

Trp

Cys

Arg

165

Glu

Asn

Pro

Asn

Cys

245

Cys

Asn

Thr

Gly

Asn

325

Ser

Phe

Asn

Thr

Thr

405

Asn

Glu

Val

Asp

Val

485

His

Pro

Asp

Ser

Ala

150

Cys

Cys

Glu

His

Gly

230

Leu

Pro

Thr

Glu

Gly

310

Gly

Ala

Tyr

Asp

Asn

390

Gly

Pro

Cys

Asn

Gln
470
Tyr

Asn

Lys

Leu

Gly

135

Asn

Pro

Ser

Ile

Cys

215

Gly

Pro

Gly

Tyr

Asp

295

Thr

Trp

Ala

Cys

Ala

375

Pro

Pro

Cys

Gln

Glu

455

Ile

Cys

Gly

Gly

Leu

120

Lys

Gly

Pro

Gln

Gly

200

Glu

Thr

Gly

Asn

Asn

280

Val

Cys

Thr

Cys

Glu

360

Cys

Val

Ala

Glu

Cys

440

Cys

Gly

Glu

His

Phe
520

Thr

Ser

Gly

Gly

Asn

185

Ser

Leu

Cys

Phe

Asn

265

Cys

Asp

His

Gly

Phe

345

Cys

Ile

Asn

Cys

His

425

Leu

Ile

Glu

Ile

Cys

505

Asn

Leu

Cys

Gln

Phe

170

Pro

Tyr

Pro

Arg

Ala

250

Cys

Arg

Glu

Asn

Glu

330

Gln

Pro

Ser

Gly

Ser

410

Ala

Gln

Ser

Phe

Asn
490

Met

Gly

Thr

Gln

Cys

155

His

Gly

Arg

Tyr

Pro

235

Gly

Lys

Cys

Cys

Thr

315

Asp

Gly

His

Asn

Lys

395

Gln

Gly

Gly

Asn

Gln
475
Thr

Asp

His

Glu

Gln

140

Leu

Gly

Leu

Cys

Val

220

Thr

Gln

Asn

Pro

Gln

300

His

Cys

Ala

Gly

Pro

380

Ala

Asp

Lys

Tyr

Pro

460

Cys

Asp

Lys

Leu

Tyr

125

Ala

Pro

Pro

Cys

Ala

205

Pro

Gly

Asn

Gly

Pro

285

Leu

Gly

Ser

Thr

Arg

365

Cys

Ile

Val

Cys

Thr

445

Cys

Ile

Glu

Ile

Cys
525

Lys

Asp

Phe

Thr

Arg

190

Cys

Cys

Asp

Cys

Gly

270

Glu

Met

Gly

Glu

Cys

350

Thr

Asn

Cys

Asp

Leu

430

Gly

Gln

Cys

Cys

Asn
510

Gln

Cys

Pro

Glu

Cys

175

His

Arg

Ser

Thr

Glu

255

Ala

Trp

Pro

Tyr

Asn

335

His

Gly

Glu

Thr

Glu

415

Asn

Pro

Asn

Met

Ala
495

Glu

Tyr

Arg

Cys

Ser

160

Arg

Gly

Ala

Pro

Thr

240

Glu

Cys

Thr

Asn

Asn

320

Ile

Asp

Leu

Gly

Cys

400

Cys

Thr

Arg

Asp

Pro
480
Ser

Phe

Asp



43

US 9,200,071 B2

-continued

44

Asp

545

Thr

Tyr

Pro

Ser

Tyr

625

Asn

Asp

Ser

Asn

Pro

705

Asn

Tyr

Asn

Lys

Gly

785

Leu

Cys

Cys

Asp

Thr

865

Gly

Ala

Pro

Ala

Asp

Asp

530

Gly

His

Gly

Gly

Gln

610

Leu

Leu

Lys

Met

Gly

690

Glu

Ser

Lys

Asn

Asp

770

Pro

Asn

Pro

Ala

Tyr

850

Cys

Ala

Gly

Asn

Phe
930

Ile

Glu

Pro

Cys

Ser

Tyr

595

Pro

Cys

Asp

Ile

Cys

675

Gly

Gly

Asn

Cys

Asn

755

Met

Asn

Gln

Leu

Thr

835

Glu

Glu

Ser

Tyr

Pro
915

Cys

Asn

Cys

Asn

Glu

Cys

580

Thr

Cys

Leu

Asp

Asp

660

Asn

Thr

Tyr

Pro

Asp

740

Glu

Thr

Cys

Gly

Pro

820

Ser

Ser

Val

Cys

Thr
900
Cys

Asp

Glu

Ala

Thr

Val

565

Lys

Gly

Arg

Cys

Cys

645

Gly

Val

Cys

His

Cys

725

Cys

Cys

Ser

Gln

Thr

805

Tyr

Pro

Phe

Asp

Gln

885

Gly

His

Cys

Cys

Ser

Tyr

550

Asp

Asp

His

His

Leu

630

Ala

Tyr

Asn

Glu

Asp

710

Ile

Ala

Glu

Gly

Thr

790

Cys

Thr

Cys

Ser

Ile

870

Asn

Arg

Asn

Leu

Ala

Thr

535

Thr

Ile

Gly

His

Gly

615

Lys

Ser

Glu

Ile

Asp

695

Pro

His

Pro

Ser

Tyr

775

Asn

Ile

Gly

Lys

Cys

855

Asn

Thr

Asn

Gly

Pro
935

Ser

Pro

Cys

Asp

Val

Cys

600

Gly

Gly

Asn

Cys

Asp

680

Gly

Thr

Gly

Gly

Asn

760

Val

Ile

Asp

Ala

Asn

840

Val

Glu

Asn

Cys

Gly

920

Gly

Asn

Cys

Val

Glu

Ala

585

Glu

Thr

Thr

Pro

Ala

665

Glu

Ile

Cys

Ala

Trp

745

Pro

Cys

Asn

Asp

Thr

825

Ser

Cys

Cys

Gly

Glu
905
Ser

Phe

Pro

Lys

Cys

Cys

570

Thr

Thr

Cys

Thr

Cys

650

Cys

Cys

Ala

Leu

Cys

730

Ser

Cys

Thr

Glu

Val

810

Cys

Gly

Pro

Val

Ser

890

Ser

Cys

Gln

Cys

Asn

Thr

555

Asp

Phe

Asn

Gln

Gly

635

Asp

Glu

Ala

Gly

Ser

715

Arg

Gly

Val

Cys

Cys

795

Ala

Glu

Val

Thr

Lys

875

Tyr

Asp

Thr

Gly

Gln

Gly

540

Glu

Pro

Thr

Ile

Asp

620

Pro

Ser

Pro

Gly

Phe

700

Glu

Asp

Thr

Asn

Arg

780

Ala

Gly

Val

Cys

Gly

860

Ser

Arg

Ile

Asp

Ala
940

Asn

Ala

Gly

Asp

Cys

Asn

605

Arg

Asn

Gly

Gly

Ser

685

Thr

Val

Gly

Asn

Gly

765

Glu

Ser

Tyr

Val

Lys

845

Trp

Pro

Cys

Asp

Gly

925

Phe

Gly

Lys

Tyr

Pro

Leu

590

Glu

Asp

Cys

Thr

Tyr

670

Pro

Cys

Asn

Leu

Cys

750

Gly

Gly

Asn

Lys

Leu

830

Glu

Gln

Cys

Leu

Asp
910
Ile

Cys

Ala

Cys

Thr

Cys

575

Cys

Cys

Asn

Glu

Cys

655

Thr

Cys

Arg

Glu

Asn

735

Asp

Thr

Phe

Pro

Cys

815

Ala

Ser

Gly

Arg

Cys

895

Cys

Asn

Glu

Asn

Leu

Gly

560

His

Gln

His

Ser

Ile

640

Leu

Gly

His

Cys

Cys

720

Gly

Ile

Cys

Ser

Cys

800

Asn

Pro

Glu

Gln

His

880

Gln

Arg

Thr

Glu

Cys
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-continued

945 950 955 960

Thr Asp Cys Val Asp Ser Tyr Thr Cys Thr Cys Pro Val Gly Phe Asn
965 970 975

Gly Ile His Cys Glu Asn Asn Thr Pro Asp Cys Thr Glu Ser Ser Cys
980 985 990

Phe Asn Gly Gly Thr Cys Val Asp Gly Ile Asn Ser Phe Thr Cys Leu
995 1000 1005

Cys Pro Pro Gly Phe Thr Gly Ser Tyr Cys Gln Tyr Asp Val Asn
1010 1015 1020

Glu Cys Asp Ser Arg Pro Cys Leu His Gly Gly Thr Cys Gln Asp
1025 1030 1035

Ser Tyr Gly Thr Tyr Lys Cys Thr Cys Pro Gln Gly Tyr Thr Gly
1040 1045 1050

Leu Asn Cys Gln Asn Leu Val Arg Trp Cys Asp Ser Ala Pro Cys
1055 1060 1065

Lys Asn Gly Gly Arg Cys Trp Gln Thr Asn Thr Gln Tyr His Cys
1070 1075 1080

Glu Cys Arg Ser Gly Trp Thr Gly Val Asn Cys Asp Val Leu Ser
1085 1090 1095

Val Ser Cys Glu Val Ala Ala Gln Lys Arg Gly Ile Asp Val Thr
1100 1105 1110

Leu Leu Cys Gln His Gly Gly Leu Cys Val Asp Glu Gly Asp Lys
1115 1120 1125

His Tyr Cys His Cys Gln Ala Gly Tyr Thr Gly Ser Tyr Cys Glu
1130 1135 1140

Asp Glu Val Asp Glu Cys Ser Pro Asn Pro Cys Gln 2Asn Gly Ala
1145 1150 1155

Thr Cys Thr Asp Tyr Leu Gly Gly Phe Ser Cys Lys Cys Val Ala
1160 1165 1170

Gly Tyr His Gly Ser Asn Cys Ser Glu Glu Ile Asn Glu Cys Leu
1175 1180 1185

Ser Gln Pro Cys Gln Asn Gly Gly Thr Cys Ile Asp Leu Thr Asn
1190 1195 1200

Ser Tyr Lys Cys Ser Cys Pro Arg Gly Thr Gln Gly Val His Cys
1205 1210 1215

Glu Ile Asn Val Asp Asp Cys His Pro Pro Leu Asp Pro Ala Ser
1220 1225 1230

Arg Ser Pro Lys Cys Phe Asn Asn Gly Thr Cys Val 2Asp Gln Val
1235 1240 1245

Gly Gly Tyr Thr Cys Thr Cys Pro Pro Gly Phe Val Gly Glu Arg
1250 1255 1260

Cys Glu Gly Asp Val Asn Glu Cys Leu Ser Asn Pro Cys Asp Pro
1265 1270 1275

Arg Gly Thr Gln Asn Cys Val Gln Arg Val Asn Asp Phe His Cys
1280 1285 1290

Glu Cys Arg Ala Gly His Thr Gly Arg Arg Cys Glu Ser Val Ile
1295 1300 1305

Asn Gly Cys Arg Gly Lys Pro Cys Lys Asn Gly Gly Val Cys Ala
1310 1315 1320

Val Ala Ser Asn Thr Ala Arg Gly Phe Ile Cys Arg Cys Pro Ala
1325 1330 1335

Gly Phe Glu Gly Ala Thr Cys Glu Asn Asp Ala Arg Thr Cys Gly
1340 1345 1350
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Ser

Ser

Gln

Asn

Cys

Asp

Gln

Gly

Trp

Asn

Phe

Gln

Cys

Leu

Arg

Asp

Glu

Ala

Arg

Glu

Gln

Leu

Glu

Leu
1355

Pro
1370

Phe
1385

Gln
1400

Leu
1415

Tyr
1430

Ile
1445

Asn
1460

Asp
1475

Cys
1490

Cys
1505

Asp
1520

Tyr
1535

Asn
1550

Val
1565

Leu
1580

Glu
1595

Ala
1610

Glu
1625

Thr
1640

Glu
1655

Ile
1670

Ser
1685

Gly
1700

Pro
1715

Ala
1730

Arg

Thr

Pro

Gly

Cys

Ser

Glu

Lys

Gly

Thr

Asp

Cys

Cys

Ser

Pro

Pro

Leu

Gln

Leu

Ser

Leu

Asp

Ala

Ser

Val

Ala

Cys

Cys

Ala

Thr

Pro

Phe

Glu

Val

Gly

Gln

Ser

Gln

Lys

Ala

Glu

Pro

Ser

Gly

Arg

Ser

Asp

Asn

Thr

Leu

Glu

Ala

Leu

Leu

Ser

Cys

Ala

Thr

Ala

Cys

Asp

Ser

Gln

Leu

Asp

Glu

Arg

Asp

His

Gln

Lys

Leu

Pro

Arg

Asp

Asn

Pro

Ala

Asn

Cys

Ser

Glu

Lys

Gly

Cys

Asn

Cys

Leu

Cys

Thr

His

Cys

Leu

Gln

Val

Gln

His

Leu

Met

Gln

Val

Ile

Pro

Phe

Gly
1360

Leu
1375

Pro
1390

Pro
1405

Phe
1420

Gly
1435

Glu
1450

Leu
1465

Ser
1480

Gln
1495

Asn
1510

Glu
1525

Phe
1540

Glu
1555

Ala
1570

Leu
1585

Leu
1600

Met
1615

Pro
1630

Pro
1645

Asp
1660

Cys
1675

Ala
1690

Pro
1705

Leu
1720

Val
1735

Gly

Gly

Cys

Thr

Asn

Ala

Leu

Gln

Leu

Cys

Ser

Gly

Ser

Trp

Ala

Arg

His

Ile

Ile

Gly

Ile

Val

Ala

Tyr

Pro

Leu

Thr

Ser

Val

Ser

Gly

Gly

Pro

Cys

Asn

Trp

Ala

Gln

Asp

Asp

Gly

Asn

Thr

Phe

Lys

Thr

Arg

Gln

Phe

Lys

Ser

Leu

Cys

Phe

Gly

Glu

Leu

Arg

Glu

Asn

Phe

Lys

Gly

Cys

Gly

Gly

Thr

Asn

Asn

Pro

Arg

Ser

Gly

Ser

Leu

Ile

Gln

Phe

Ile

Thr

Ser

Asn

Leu

Asp

Cys

Asn

Asn

Tyr

Cys

Asn

His

Leu

Leu

Ser

Val

Tyr

Ser

Gly

Ser

Ser

Gly

Glu

Leu

Phe

Ser
1365

Gly
1380

Asn
1395

Pro
1410

Cys
1425

Ile
1440

Gln
1455
His
1470

Asp
1485

Phe
1500

Leu
1515

Pro
1530

Cys
1545

Asp
1560

Val
1575

Phe
1590

Val
1605

Tyr
1620

Thr
1635

Gly
1650

Ile
1665

Ser
1680

Ala
1695

Ala
1710
His
1725

Val
1740

Gly

Pro

Pro

Phe

His

Pro

Val

Ala

Pro

Ser

Phe

Leu

Asp

Cys

Leu

Phe

Gly

Val

Arg

Val

Gln

Leu

Val

Leu

Gly

Pro

Glu

Cys

Tyr

Ile

Pro

Asp

Cys

Trp

Asp

Asp

Tyr

Gln

Ala

Val

Phe

Lys

His

Gly

Gln

Tyr

Cys

Ala

Lys

Met

Cys

Arg

Cys

Tyr

Arg

Leu

Pro

Ala

Gly

Lys

Gly

Gly

Asp

Gly

Glu

Val

Leu

Arg

Glu

Trp

Arg

Leu

Phe

Ser

Ser

Tyr

Gly
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Phe

Arg

Asn

Gly

Thr

Ala

Ser

Glu

Ser

Leu

Glu

Pro

Ile

Asp

Gly

Asn

Lys

Ala

Phe

Asp

Asp

Leu

Gly

Leu
1745

Pro
1760

Glu
1775

Ala
1790

Asp
1805

Val
1820

Gln
1835

Pro
1850

Asn
1865

Cys
1880

Asp
1895

Leu
1910

Ala
1925

Ala
1940

Leu
1955

Leu
1970

Gly
1985

Met
2000

Asp
2015

Asn
2030

Asp
2045

Arg
2060

Ala
2075

Ile
2090

Glu
2105

Gly
2120

Tyr

Leu

Glu

Pro

Ser

Glu

Leu

Gln

Thr

Val

Ser

Ala

Ala

Ser

Leu

Thr

Leu

Asp

Val

Met

Glu

Asn

Ala

Tyr

Gly

Leu

Ser

Gly

Leu

Asp

Asp

Pro

His

Pro

Arg

Gly

Pro

Asn

Arg

Ala

Ala

Arg

Thr

Glu

Leu

Asp

Gln

Gly

Arg

Gln

Asn

Thr

Gly

Arg

Phe

Gly

Gly

Leu

Asp

Leu

Pro

Gly

Gly

Ala

Gln

Tyr

Asp

Ala

Asn

Pro

Asp

Gly

Ala

Asn

Ser

Asp

Glu

Leu

Pro

Asn

Lys

Lys

Glu

Ala

Glu

Leu

Asp

Gln

Pro

Gly

Val

Thr

Ser

Ala

Val

Arg

Leu

Leu

Lys

Ala

Asn

Tyr

Ile

Arg

Val

Thr

Leu

Arg
1750

Val
1765

Asp
1780

Leu
1795

Thr
1810

Ser
1825

Ala
1840

Gly
1855

Asp
1870

Leu
1885

Ile
1900

Asp
1915

Arg
1930

Asn
1945

Ser
1960

Ala
1975

Ile
1990

Ile
2005

Ser
2020

Val
2035

Lys
2050

Glu
2065

Thr
2080

Met
2095

Arg
2110

Leu
2125

Lys

Arg

Ser

Ser

Met

Lys

Asp

Ala

Glu

Gly

Glu

Ser

Arg

Ser

Ile

Ala

Thr

Leu

Asn

Ala

Val

Glu

Thr

Asp

His

Ser

Ser

Ser

Arg

Glu

Val

Asp

Lys

Gln

Asp

Val

Phe

Thr

Asp

Thr

Asp

Gln

Asp

Asp

Ala

Ser

Leu

Leu

Glu

Ala

His

His

Pro

Pro

Ala

Gln

Ala

Gly

Asp

Phe

Thr

Leu

Asp

Thr

Gly

Phe

Gly

Ala

Asp

Ala

Leu

Ala

His

His

Leu

Thr

Lys

Met

Asp

Gln

Thr

Thr

His

Ser

Leu

Asn

Arg

Asp

Arg

Ala

Pro

Asn

Ile

Glu

Ala

Asn

Gln

Asp

Arg

Ala

Trp

Lys

Pro

Val

Asp

Ile

Leu

Leu

Gln

Gly Gln Leu Trp

1755

Lys
1770

Lys
1785

Gln
1800

Phe
1815

His
1830

Met
1845

Asp
1860

Leu
1875

Ser
1890

Tyr
1905

Thr
1920

Lys
1935

Met
1950

Gly
1965

Ala
1980

Leu
1995

Asp
2010

Ala
2025

Asn
2040

Leu
2055

Leu
2070

Arg
2085

Val
2100

His
2115

Cys
2130

Gly

Lys

Pro

Asn

Glu

Arg

Ser

Cys

Met

Glu

Gln

Ala

Arg

Gly

Val

Arg

Ala

Val

Ala

Gly

Phe

Leu

Leu

Arg

Gly

Ser

Lys

Lys

Leu

Glu

Glu

Gln

Ala

Met

Ile

Glu

Gly

Leu

Leu

Arg

Phe

Met

Val

Asn

Ala

Ala

Leu

Asp

Pro

Leu

Thr

Pro

Lys

Arg

Lys

Trp

Pro

Trp

Met

Asp

Ala

Glu

Ala

His

Leu

Thr

Gln

His

Glu

Ala

Val

Asn

Ala

His

Arg

Leu

Ala

Asn

Ala



51

US 9,200,071 B2

-continued

52

Arg

Lys

Cys

Glu

Leu

Leu

Leu

Ala

Met

Glu

Asn

Ala

Leu

Asn

Pro

Leu

Gln

Gln

Pro

Ser

Gln

Asp

Ser

Thr

2135

Lys
2150

Asp
2165

Leu
2180

Ser
2195

Pro
2210

Pro
2225

Ala
2240

Ala
2255

Ser
2270

Asn
2285

Trp
2300

Pro
2315

Ala
2330

Ser
2345

Thr
2360

Gln
2375

Ser
2390

Gly
2405

Pro
2420

Glu
2435

Pro
2450

Tyr
2465

Val
2480

Gln
2495

Glu
2510

His
2525

Pro

Leu

Leu

Pro

Ser

Gly

Ala

Phe

Ser

Phe

Leu

Leu

Gly

Thr

Arg

Pro

Gln

Arg

Leu

Ser

Met

Ser

Pro

Trp

Gly

Ile

Ser

Lys

Asp

His

Pro

Met

Lys

Glu

Ala

Thr

Pro

Arg

Leu

Asn

Leu

Gln

Pro

Ser

Gly

Gln

Thr

Ser

Glu

Ser

Ile

Pro

Thr

Ala

Ser

Gly

Phe

Pro

Pro

Pro

Ser

Val

Arg

Pro

Gln

Thr

Ala

Asn

His

Phe

Pro

Ala

Thr

Ser

His

Ser

Ser

Glu

Lys

Arg

Ser

Tyr

Gln

Asp

Glu

Pro

Thr

Gly

Leu

Gly

His

Leu

Thr

Leu

Leu

Leu

Ser

Leu

Thr

Pro

Pro

Ser

Ser

Ala

2140

Gly
2155

Arg
2170

Ser
2185

Leu
2200

Gln
2215

Thr
2230

Met
2245

Pro
2260

Val
2275

Ala
2290

Gln
2305

Val
2320

Ser
2335

Ser
2350

Gln
2365

Gln
2380

Ser
2395

Ser
2410

Ser
2425

Pro
2440

Gln
2455

Val
2470

Phe
2485

Ser
2500

Pro
2515

Phe
2530

Leu

Lys

Met

Ser

Ser

Ala

Pro

Leu

Pro

Asn

Thr

Met

Pro

Pro

Leu

Val

Gly

Leu

Thr

Phe

Asp

Leu

Pro

Pro

Lys

Ala

Lys

Leu

Asp

Pro

Leu

Ala

Arg

Ser

Ala

Gly

Pro

Met

Ile

His

Gln

Ser

Glu

Pro

Ser

Leu

Asn

Thr

His

Thr

Cys

Ser

Ser

Val

Ser

Gly

Leu

Leu

Thr

Ser

Met

Gly

Gly

Ile

Leu

Pro

Ser

Pro

Val

Leu

Thr

Thr

Pro

Ser

Thr

Gly

Gln

Pro

Ala

Met

Ile

Ala

Ser

Asn

Leu

Val

Thr

Pro

Tyr

Val

Gln

Ala

Ser

His

Pro

Pro

Pro

Ser

Asn

Met

2145

Ser
2160

Asp
2175

Val
2190

Ser
2205

Pro
2220

Ser
2235

Gly
2250
His
2265

Gly
2280

Asn
2295

Pro
2310

Leu
2325

Leu
2340

Gln
2355

Gln
2370

Asn
2385

Ala
2400

Gln
2415

Thr
2430

Ser
2445

Pro
2460

Ser
2475

Pro
2490

Ile
2505

Pro
2520

Lys

Gly

Asp

Pro

Leu

His

Gly

Leu

Thr

Gly

Ser

Ser

Gly

Thr

Leu

Asn

Ala

Ile

Ser

Ser

His

Glu

Ser

Ser

Glu

Lys

Ser

Pro

Ser

Leu

Ser

Pro

Gly

Gln

Gln

Thr

Ser

Leu

Gln

Gln

Gly

Asp

Leu

Met

Gln

Gln

Ser

Asp

Gln

Ala

Gly

Leu

Leu

His

Asn

Arg

Val

Ala

Cys

Tyr

Gln

Ser

Pro

Gln

Pro

His

Val

Pro

Val

His

Leu

Pro

Trp

Ile
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<210> SEQ ID NO 3

<211> LENGTH: 2321

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 3

Met Gly Pro Gly Ala Arg Gly Arg Arg Arg Arg Arg Arg Pro Met Ser
1 5 10 15

Pro Pro Pro Pro Pro Pro Pro Val Arg Ala Leu Pro Leu Leu Leu Leu
20 25 30

Leu Ala Gly Pro Gly Ala Ala Ala Pro Pro Cys Leu Asp Gly Ser Pro
35 40 45

Cys Ala Asn Gly Gly Arg Cys Thr Gln Leu Pro Ser Arg Glu Ala Ala
50 55 60

Cys Leu Cys Pro Pro Gly Trp Val Gly Glu Arg Cys Gln Leu Glu Asp
65 70 75 80

Pro Cys His Ser Gly Pro Cys Ala Gly Arg Gly Val Cys Gln Ser Ser
Val Val Ala Gly Thr Ala Arg Phe Ser Cys Arg Cys Pro Arg Gly Phe
100 105 110

Arg Gly Pro Asp Cys Ser Leu Pro Asp Pro Cys Leu Ser Ser Pro Cys
115 120 125

Ala His Gly Ala Arg Cys Ser Val Gly Pro Asp Gly Arg Phe Leu Cys
130 135 140

Ser Cys Pro Pro Gly Tyr Gln Gly Arg Ser Cys Arg Ser Asp Val Asp
145 150 155 160

Glu Cys Arg Val Gly Glu Pro Cys Arg His Gly Gly Thr Cys Leu Asn
165 170 175

Thr Pro Gly Ser Phe Arg Cys Gln Cys Pro Ala Gly Tyr Thr Gly Pro
180 185 190

Leu Cys Glu Asn Pro Ala Val Pro Cys Ala Pro Ser Pro Cys Arg Asn
195 200 205

Gly Gly Thr Cys Arg Gln Ser Gly Asp Leu Thr Tyr Asp Cys Ala Cys
210 215 220

Leu Pro Gly Phe Glu Gly Gln Asn Cys Glu Val Asn Val Asp Asp Cys
225 230 235 240

Pro Gly His Arg Cys Leu Asn Gly Gly Thr Cys Val Asp Gly Val Asn
245 250 255

Thr Tyr Asn Cys Gln Cys Pro Pro Glu Trp Thr Gly Gln Phe Cys Thr
260 265 270

Glu Asp Val Asp Glu Cys Gln Leu Gln Pro Asn Ala Cys His Asn Gly
275 280 285

Gly Thr Cys Phe Asn Thr Leu Gly Gly His Ser Cys Val Cys Val Asn
290 295 300

Gly Trp Thr Gly Glu Ser Cys Ser Gln Asn Ile Asp Asp Cys Ala Thr
305 310 315 320

Ala Val Cys Phe His Gly Ala Thr Cys His Asp Arg Val Ala Ser Phe
325 330 335

Tyr Cys Ala Cys Pro Met Gly Lys Thr Gly Leu Leu Cys His Leu Asp
340 345 350

Asp Ala Cys Val Ser Asn Pro Cys His Glu Asp Ala Ile Cys Asp Thr
355 360 365

Asn Pro Val Asn Gly Arg Ala Ile Cys Thr Cys Pro Pro Gly Phe Thr
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Gly

385

Pro

Cys

Asn

Arg

Tyr

465

Gly

Ser

Ser

Tyr

Asn

545

Asp

Thr

Pro
Ala
625

Tyr

Glu

Pro

Ser

705

Glu

Ala

Gly

Cys

Arg
785

370

Gly

Cys

Gln

Glu

Ile

450

Cys

Gly

Gly

Thr

Glu

530

Val

Gly

Arg

Gly

Ser

610

Ser

Asp

Ile

Asp

Pro

690

His

Pro

Cys

Met

Glu
770

Cys

Ala

Glu

Cys

Cys

435

Gly

Glu

Val

Phe

Pro

515

Cys

Asp

Ile

Cys

Gly

595

Gly

Asn

Cys

Asn

Gly

675

Leu

Gly

Gly

Glu

Gly
755

Leu

Glu

Cys

His

Gly

420

Leu

Gln

Val

Cys

Ser

500

Cys

Arg

Asp

Ala

Glu

580

Lys

Thr

Pro

Val

Glu

660

Glu

Cys

Ile

Trp

Ser
740
Phe

Leu

Ser

Asp

Leu

405

Arg

Ser

Phe

Asp

Lys

485

Gly

Arg

Cys

Cys

Ser

565

Ser

Cys

Thr

Cys

Cys

645

Cys

Asn

Leu

Cys

Ser

725

Gln

His

Ser

Ala

Gln

390

Gly

Gly

Gly

Thr

Ile

470

Asp

Ser

Asn

Ala

Ser

550

Phe

Gln

Leu

Gly

Thr

630

Gln

Ala

Gly

Pro

Tyr

710

Gly

Pro

Cys

Pro

Pro
790

375

Asp

Arg

Tyr

Pro

Cys

455

Asp

Arg

Thr

Gly

Glu

535

Pro

Ser

Val

Asp

Val

615

Phe

Pro

Ser

Phe

Pro

695

Asp

Pro

Cys

Thr

Cys
775

Gly

Val

Cys

Thr

Cys

440

Ile

Glu

Val

Cys

Ala

520

Gly

Asp

Cys

Asp

Leu

600

Asn

Gly

Gly

Ser

Arg

680

Ser

Ala

Arg

Arg

Cys

760

Thr

Gln

Asp

Val

Gly

425

Arg

Cys

Cys

Asn

Gln

505

Lys

Phe

Pro

Ala

Glu

585

Val

Cys

Val

Phe

Pro

665

Cys

His

Pro

Cys

Ala
745
Pro

Pro

Leu

Glu

Asn

410

Pro

Asn

Met

Gln

Gly

490

Leu

Cys

Glu

Cys

Cys

570

Cys

Asp

Glu

Cys

Thr

650

Cys

Leu

Pro

Gly

Ser

730

Gly

Pro

Asn

Pro

Cys

395

Thr

Arg

Gln

Ala

Ser

475

Phe

Asp

Val

Gly

His

555

Ala

Arg

Lys

Val

Arg

635

Gly

Gly

Cys

Cys

Gly

715

Gln

Gly

Gly

Pro

Val
795

380

Ser

Gln

Cys

Ala

Gly

460

Ser

Ser

Val

Asp

Thr

540

His

Pro

Ser

Tyr

Asn

620

Asp

Pro

Glu

Pro

Ala

700

Phe

Ser

Thr

Val

Cys
780

Cys

Ile

Gly

Glu

Thr

445

Phe

Pro

Cys

Asp

Gln

525

Leu

Gly

Gly

Gln

Leu

605

Ile

Gly

Leu

Gly

Pro

685

His

Arg

Leu

Cys

Gln
765

Glu

Ser

Gly

Ser

Thr

430

Cys

Thr

Cys

Thr

Glu

510

Pro

Cys

Arg

Tyr

Pro

590

Cys

Asp

Ile

Cys

Gly

670

Gly

Glu

Cys

Ala

Ser
750
Gly

His

Cys

Ala

Phe

415

Asp

Leu

Gly

Val

Cys

495

Cys

Asp

Asp

Cys

Thr

575

Cys

Arg

Asp

Asn

Asn

655

Ser

Ser

Pro

Val

Arg

735

Ser

Arg

Gly

Pro

Asn

400

Leu

Val

Asp

Thr

Asn

480

Pro

Ala

Gly

Arg

Val

560

Gly

Arg

Cys

Cys

Arg

640

Val

Cys

Leu

Cys

Cys

720

Asp

Asp

Gln

Gly

Gln
800
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Gly Trp Gln Gly Pro Arg Cys Gln Gln Asp Val Asp Glu Cys Ala Gly
805 810 815

Pro Ala Pro Cys Gly Pro His Gly Ile Cys Thr Asn Leu Ala Gly Ser
820 825 830

Phe Ser Cys Thr Cys His Gly Gly Tyr Thr Gly Pro Ser Cys Asp Gln
835 840 845

Asp Ile Asn Asp Cys Asp Pro Asn Pro Cys Leu Asn Gly Gly Ser Cys
850 855 860

Gln Asp Gly Val Gly Ser Phe Ser Cys Ser Cys Leu Pro Gly Phe Ala
865 870 875 880

Gly Pro Arg Cys Ala Arg Asp Val Asp Glu Cys Leu Ser Asn Pro Cys
885 890 895

Gly Pro Gly Thr Cys Thr Asp His Val Ala Ser Phe Thr Cys Thr Cys
900 905 910

Pro Pro Gly Tyr Gly Gly Phe His Cys Glu Gln Asp Leu Pro Asp Cys
915 920 925

Ser Pro Ser Ser Cys Phe Asn Gly Gly Thr Cys Val Asp Gly Val Asn
930 935 940

Ser Phe Ser Cys Leu Cys Arg Pro Gly Tyr Thr Gly Ala His Cys Gln
945 950 955 960

His Glu Ala Asp Pro Cys Leu Ser Arg Pro Cys Leu His Gly Gly Val
965 970 975

Cys Ser Ala Ala His Pro Gly Phe Arg Cys Thr Cys Leu Glu Ser Phe
980 985 990

Thr Gly Pro Gln Cys Gln Thr Leu Val Asp Trp Cys Ser Arg Gln Pro
995 1000 1005

Cys Gln Asn Gly Gly Arg Cys Val Gln Thr Gly Ala Tyr Cys Leu
1010 1015 1020

Cys Pro Pro Gly Trp Ser Gly Arg Leu Cys Asp Ile Arg Ser Leu
1025 1030 1035

Pro Cys Arg Glu Ala Ala Ala Gln Ile Gly Val Arg Leu Glu Gln
1040 1045 1050

Leu Cys Gln Ala Gly Gly Gln Cys Val Asp Glu Asp Ser Ser His
1055 1060 1065

Tyr Cys Val Cys Pro Glu Gly Arg Thr Gly Ser His Cys Glu Gln
1070 1075 1080

Glu Val Asp Pro Cys Leu Ala Gln Pro Cys Gln His Gly Gly Thr
1085 1090 1095

Cys Arg Gly Tyr Met Gly Gly Tyr Met Cys Glu Cys Leu Pro Gly
1100 1105 1110

Tyr Asn Gly Asp Asn Cys Glu Asp Asp Val Asp Glu Cys Ala Ser
1115 1120 1125

Gln Pro Cys Gln His Gly Gly Ser Cys Ile Asp Leu Val Ala Arg
1130 1135 1140

Tyr Leu Cys Ser Cys Pro Pro Gly Thr Leu Gly Val Leu Cys Glu
1145 1150 1155

Ile Asn Glu Asp Asp Cys Gly Pro Gly Pro Pro Leu Asp Ser Gly
1160 1165 1170

Pro Arg Cys Leu His Asn Gly Thr Cys Val Asp Leu Val Gly Gly
1175 1180 1185

Phe Arg Cys Thr Cys Pro Pro Gly Tyr Thr Gly Leu Arg Cys Glu
1190 1195 1200
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Ala

Thr

Cys

Pro

Ser

Gln

Arg

Arg

Cys

Cys

Pro

Gly

Glu

Gln

Gly

Glu

Pro

Tyr

Asn

Leu

Arg

Ala

Gly

Gly

Ser

Asp
1205

Arg
1220

His
1235

Cys
1250

Pro
1265

Pro
1280

Glu
1295

Gly
1310

Arg
1325

Ala
1340

Leu
1355

Pro
1370

Pro
1385

Arg
1400

Gly
1415

Ala
1430

Ala
1445

Ala
1460

Cys
1475

Thr
1490

Pro
1505

Pro
1520

Leu
1535

His
1550

Ser
1565

Ser
1580

Pro

Ile

Asp

Ala

Glu

Gly

Phe

Leu

Pro

Ser

Ala

Ala

Arg

Arg

Cys

Asp

Leu

Cys

Gly

Ala

Glu

Ala

Pro

Ser

Gly

Glu

Val

Glu

Asn

Cys

Gly

Ser

Pro

Trp

Gln

Arg

Phe

Ala

Pro

Cys

Cys

Asp

Cys

Gln

Ser

Gly

Asp

Glu

Leu

Glu

Ala

Gln

Pro

Val

Asn

Glu

Leu

Phe

Gln

Gly

Gly

Cys

Cys

Pro

Pro

Phe

Glu

Pro

Arg

Ser

Cys

Ser

Arg

His

Cys

Leu

Glu

Ile

Ala

Arg

Met

Asp

Cys

Gln

Ser

Pro

Gly

Pro

Pro

Ala

Gly

Cys

Phe

Ala

Arg

Glu

Leu

Trp

Pro

Glu

Phe

Gly

Ala

Leu

Leu

Met

Ala

Leu

His

Arg
1210

Asp
1225

Gly
1240

Cys
1255

Gly
1270

Arg
1285

Val
1300

Cys
1315

Ser
1330

Leu
1345

Arg
1360

Pro
1375

Ala
1390

Cys
1405

Ser
1420

Arg
1435

Ala
1450

Arg
1465

Ala
1480

Trp
1495

Arg
1510

Leu
1525

Arg
1540

Val
1555

Arg
1570

Glu
1585

Cys

Ser

Pro

Pro

Gln

Leu

Cys

Gly

Pro

Pro

Cys

Ala

Ala

Asn

Val

Leu

Cys

Thr

Asp

Asp

Gly

Arg

Thr

Phe

Arg

Ile

Phe

Gly

Gly

Arg

His

Thr

Glu

Val

Pro

Pro

Gly

Ala

Ala

Cys

Ser

Gly

Phe

Leu

Cys

Gly

Gly

Val

Ser

Ser

Pro

Glu

Asp

Pro

Ala

Gly

Cys

Gly

Phe

Arg

Pro

Gly

Gly

Gly

Cys

Ala

Gln

Pro

Asp

Asn

Tyr

Asn

Arg

Leu

Leu

Ser

Leu

Tyr

Leu

Asn

Asp

Cys

Gly

Gln

Gly

Thr

Val

Cys

Leu

Ala

Ser

Ala

Pro

Ala

Gly

Pro

Asn

Asp

Pro

Cys

Asp

Val

Ala

Arg

His

Ala

Arg

Ala

His
1215

Phe
1230

Thr
1245

Gln
1260

Cys
1275

Ala
1290

Gln
1305

Ser
1320

Ser
1335

Cys
1350

Gln
1365

Glu
1380

Lys
1395

Cys
1410

Trp
1425

Ser
1440

Asn
1455

Val
1470

Asp
1485

Cys
1500

Leu
1515

Asp
1530

Phe
1545

Arg
1560

Pro
1575

Leu
1590

Gln

Ala Ala His

Arg

Val

Cys

His

Arg

Gln

Gly

Asn

Arg

Gly

Val

Arg

Gly

Arg

Arg

Phe

Tyr

Gln

Ala

Thr

Phe

Arg

Pro

Glu

Cys

Ser

Cys

Leu

Arg

Cys

Ser

Thr

Pro

Ala

Pro

Trp

Ser

Gly

Trp

Gln

Cys

Asp

Glu

Gly

Ser

Val

Leu

Leu

Ser

Val

Leu

Ala

Leu

Ser

Pro

Ala

Cys

Pro

Ser

Ser

Ala

Thr

Glu

Asp

Asp

Cys

Asp

Cys

Lys

Cys

Glu

Leu

Gln

Asp

Pro

Ile

Gln

Ala
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1595 1600 1605

Asp Tyr Leu Gly Ala Leu Ser Ala Val Glu Arg Leu Asp Phe Pro
1610 1615 1620

Tyr Pro Leu Arg Asp Val Arg Gly Glu Pro Leu Glu Pro Pro Glu
1625 1630 1635

Pro Ser Val Pro Leu Leu Pro Leu Leu Val Ala Gly Ala Val Leu
1640 1645 1650

Leu Leu Val Ile Leu Val Leu Gly Val Met Val Ala Arg Arg Lys
1655 1660 1665

Arg Glu His Ser Thr Leu Trp Phe Pro Glu Gly Phe Ser Leu His
1670 1675 1680

Lys Asp Val Ala Ser Gly His Lys Gly Arg Arg Glu Pro Val Gly
1685 1690 1695

Gln Asp Ala Leu Gly Met Lys Asn Met Ala Lys Gly Glu Ser Leu
1700 1705 1710

Met Gly Glu Val Ala Thr Asp Trp Met Asp Thr Glu Cys Pro Glu
1715 1720 1725

Ala Lys Arg Leu Lys Val Glu Glu Pro Gly Met Gly Ala Glu Glu
1730 1735 1740

Ala Val Asp Cys Arg Gln Trp Thr Gln His His Leu Val Ala Ala
1745 1750 1755

Asp Ile Arg Val Ala Pro Ala Met Ala Leu Thr Pro Pro Gln Gly
1760 1765 1770

Asp Ala Asp Ala Asp Gly Met Asp Val Asn Val Arg Gly Pro Asp
1775 1780 1785

Gly Phe Thr Pro Leu Met Leu 2Ala Ser Phe Cys Gly Gly Ala Leu
1790 1795 1800

Glu Pro Met Pro Thr Glu Glu Asp Glu Ala Asp Asp Thr Ser Ala
1805 1810 1815

Ser Ile 1Ile Ser Asp Leu Ile Cys Gln Gly Ala Gln Leu Gly Ala
1820 1825 1830

Arg Thr Asp Arg Thr Gly Glu Thr Ala Leu His Leu Ala Ala Arg
1835 1840 1845

Tyr Ala Arg Ala Asp Ala Ala Lys Arg Leu Leu Asp Ala Gly Ala
1850 1855 1860

Asp Thr Asn Ala Gln Asp His Ser Gly Arg Thr Pro Leu His Thr
1865 1870 1875

Ala Val Thr Ala Asp Ala Gln Gly Val Phe Gln Ile Leu Ile Arg
1880 1885 1890

Asn Arg Ser Thr Asp Leu Asp Ala Arg Met Ala Asp Gly Ser Thr
1895 1900 1905

Ala Leu Ile Leu Ala Ala Arg Leu Ala Val Glu Gly Met Val Glu
1910 1915 1920

Glu Leu Ile Ala Ser His Ala Asp Val Asn Ala Val Asp Glu Leu
1925 1930 1935

Gly Lys Ser Ala Leu His Trp Ala Ala Ala Val Asn Asn Val Glu
1940 1945 1950

Ala Thr Leu Ala Leu Leu Lys Asn Gly Ala Asn Lys Asp Met Gln
1955 1960 1965
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Asp Ser Lys Glu Glu Thr Pro Leu Phe Leu Ala Ala Arg Glu Gly
1970 1975 1980

Ser Tyr Glu Ala Ala Lys Leu Leu Leu Asp His Phe Ala Asn Arg
1985 1990 1995

Glu Ile Thr Asp His Leu Asp Arg Leu Pro Arg Asp Val Ala Gln
2000 2005 2010

Glu Arg Leu His Gln Asp Ile Val Arg Leu Leu Asp Gln Pro Ser
2015 2020 2025

Gly Pro Arg Ser Pro Pro Gly Pro His Gly Leu Gly Pro Leu Leu
2030 2035 2040

Cys Pro Pro Gly Ala Phe Leu Pro Gly Leu Lys Ala Ala Gln Ser
2045 2050 2055

Gly Ser Lys Lys Ser Arg Arg Pro Pro Gly Lys Ala Gly Leu Gly
2060 2065 2070

Pro Gln Gly Pro Arg Gly Arg Gly Lys Lys Leu Thr Leu Ala Cys
2075 2080 2085

Pro Gly Pro Leu Ala Asp Ser Ser Val Thr Leu Ser Pro Val Asp
2090 2095 2100

Ser Leu Asp Ser Pro Arg Pro Phe Gly Gly Pro Pro Ala Ser Pro
2105 2110 2115

Gly Gly Phe Pro Leu Glu Gly Pro Tyr Ala Ala Ala Thr Ala Thr
2120 2125 2130

Ala Val Ser Leu Ala Gln Leu Gly Gly Pro Gly Arg Ala Gly Leu
2135 2140 2145

Gly Arg Gln Pro Pro Gly Gly Cys Val Leu Ser Leu Gly Leu Leu
2150 2155 2160

Asn Pro Val Ala Val Pro Leu Asp Trp Ala Arg Leu Pro Pro Pro
2165 2170 2175

Ala Pro Pro Gly Pro Ser Phe Leu Leu Pro Leu Ala Pro Gly Pro
2180 2185 2190

Gln Leu Leu Asn Pro Gly Thr Pro Val Ser Pro Gln Glu Arg Pro
2195 2200 2205

Pro Pro Tyr Leu Ala Val Pro Gly His Gly Glu Glu Tyr Pro Val
2210 2215 2220

Ala Gly Ala His Ser Ser Pro Pro Lys Ala Arg Phe Leu Arg Val
2225 2230 2235

Pro Ser Glu His Pro Tyr Leu Thr Pro Ser Pro Glu Ser Pro Glu
2240 2245 2250

His Trp Ala Ser Pro Ser Pro Pro Ser Leu Ser Asp Trp Ser Glu
2255 2260 2265

Ser Thr Pro Ser Pro Ala Thr Ala Thr Gly Ala Met Ala Thr Thr
2270 2275 2280

Thr Gly Ala Leu Pro Ala Gln Pro Leu Pro Leu Ser Val Pro Ser
2285 2290 2295

Ser Leu Ala Gln Ala Gln Thr Gln Leu Gly Pro Gln Pro Glu Val
2300 2305 2310

Thr Pro Lys Arg Gln Val Leu Ala
2315 2320

<210> SEQ ID NO 4

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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-continued

peptide

<400> SEQUENCE: 4

Val Met Val Ala Arg Arg Lys Arg Glu His Ser Thr Leu Trp

1 5 10

What is claimed is:

1. A method of treating a Gamma-secretase inhibitor
(GSID)-responsive T-cell leukemia that does not respond to a
Notchl-specific antagonist, the method comprising adminis-
tering to a patient having such leukemia an effective amount
of an anti-Notch3 antagonist antibody.

2. The method of claim 1, wherein the T-cell leukemia is a
lymphoblastic leukemia.

3. The method of claim 2, wherein the lymphoblastic leu-
kemia is T-lineage acute lymphoblastic leukemia (T-ALL).

4. The method of claim 1, wherein the anti-Notch3 antago-
nist antibody is an anti-Notch3 negative regulatory region
(NRR) antibody.

5. The method of claim 4, wherein the anti-Notch3 NRR
antibody binds to the LIN12/Notch Repeat A (LNR-A) and
heterodimerization domain C (HD-C) domains of Notch3
NRR.

6. The method of claim 4, wherein the anti-Notch3 NRR
antibody is a humanized form of antibody 256A-4 or 256 A-8.

7. The method of claim 4, wherein the anti-Notch3 NRR
antibody comprises the heavy and light chain variable region
CDRs of antibody 256A-4 or 256A-8.

8. The method of claim 1, wherein the anti-Notch3 antago-
nist antibody is an anti-Notch3 antibody that binds to one or
more EGF-like repeats of Notch3.

15

20

25

30

9. The method of claim 8, wherein the antibody reduces
binding of a ligand to Notch3.

10. The method of claim 1, further comprising administer-
ing an effective amount of an anti-Notchl antagonist anti-
body.

11. The method of claim 10, wherein the anti-Notchl
antagonist antibody is an anti-Notchl negative regulatory
region (NRR) antibody.

12. The method of claim 11, wherein the anti-Notchl NRR
antibody binds to the LIN12/Notch Repeat A (LNR-A),
LIN12/Notch Repeat B (LNR-B), and heterodimerization
domain C (HD-C) domains of Notchl NRR.

13. The method of claim 11, wherein the anti-Notch1NRR
antibody is selected from Antibody A, A-1, A-2, and A-3.

14. The method of claim 11, wherein the anti-Notchl NRR
antibody comprises the heavy and light chain variable region
CDRs of an antibody selected from Antibody A, A-1, A2, and
A-3.

15. The method of claim 10, wherein the anti-Notchl
antagonist antibody is an anti-Notch1 antibody that binds to
one or more EGF-like repeats of Notchl.

16. The method of claim 1, wherein treating the patient
reduces the number of proliferating cancerous cells in the
patient, compared to pre-treatment levels.

#* #* #* #* #*
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